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U.S.U. CENTENNIAL CHEESE INDUSTRY CONFERENCE SCHEDULE
TUESDAY, AUGUST 23, 1988
Morning Session
Theme:
Chairman:
9:00 a.m.
10:00 a.m.

The Dynamic Dairy Industry
Mr. Greg Rowley
Registration, Eccles Conference Center Registration Booth
Utah State University welcomes you

Dr. Doyle J. Matthews

Little Yellow Dog Initiation

•

10:25 a.m.

How are the new dairy foods research
centers designed to contribute to
the cheese industry?

Dr. Charles C. Hunt

10:40 a.m.

Effects of Federal Milk Market
Order pricing on the cheese industry

Mr. Calvin Covington

11:00 a.m.

Production of cheese at lowest
cost in the West

11:30 a.m.

Prevent dental caries with cheese!

12:00

Lunch, Carousel Square, University Center

Dr. Bees Butler
Dr. Charles Schachtele
(on your own)

Afternoon'.Sess ion. ·-:
· Then:~;.e ~
Chaj ,ryn~~: ~ '

1:15 p.m.
1:45 -p.m.
2:15 . P.·.mo: ·.

Cultures: and ·~ nzym¢_s :: ·
.· Mr .• Gary K. · Burntngffam
·
'. ..
.
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· New ·,,approa s:~es for growing , · .
thetmophilet _for cheesemaking
A~~elerate ~·- ripeni~~ ~f

Dr. Su-san Harl ander ..
.· .

,.

'·'.

Dr. William E.

cheese

'

·)

'~ ~ '

S ~n dine

Dr . Fred Exterkate

with no bitterness? "·

3::00.· P;f!'l /.

Snacks
apd conversati
.
. . bn '

3:15- p. m.:··

E1 imina.t5on of agglutinat ion-i n ~co tiag~;~e he;ese .
·. . -·:. ·, ./• ; -~·

3:45 p.m .

....

· _-.

':

What .will we· 'do wi'th a 11 -this ·
bi:o'technologj') n cheese cul~u. ~es?

~
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.,

~' ~,f '· ~

; •..0 I I

'

Dr. Clair L. Hicks

.

Ferm~nta,tion derived calf chymos.i n;· Product development and ide_n ti_ty. ·

·. .:•

.

Dr. L.F. Wright
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4:15 p.m.

The role of coagulating enzymes in the
curing and cost of Cheddar cheese

6:00 p.m.

Leave for Malibu/Guinivah picnic site, Logan Canyon

6:30 p.m.

Steak fry served

Dr. C.A. Ernstrom

WEDNESDAY, AUGUST 24, 1988
Morning Session
Theme:
Chairman:

•

New Approaches and Products
Mr. Michael J. Harris

8:30 a.m.

Opportunities for 11 0lestra 11 and
11
Simplesse 11 in the dairy industry

9:00 a.m.

Iron fortified Cheddar cheese

9:30 a.m.

Successful production of Cheddar
and other varieties of cheese from
UF retentate

Dr. Charles C. Hunt
Dr. Arthur W. Mahoney
Mr. Gordon Lane

10:20 a.m .

Snacks and conversation

10:35 a.m.

Status report on instruments to
measure milk coagulation

11:10 a.m.

Consumer trends toward cheese and
what the future holds

12:00

Lunch, Carousel Square, University Center

Dr. Gary H. Richardson
Dr. Charles White
Dr. Christine Bruhn
{on your own)

Afternoon Session
Theme:
Chairwoman:

•

Quality Assurance
Dr. Christine M. Bruhn

1:15 p.m.

Effect of coagulant on quality of UF
lowfat {17%) Cheddar cheese

Dr. Charles White

1:40 p.m.

Changes in the chemical and
microbiological characterastics of
soft, unripened cheeses during
manufacturing and retailing

Dr. John C. Bruhn

2:05 p.m.

A new colorimeter instrument that
can test for abnormal milk, total
counts, coliforms, antibiotics and
shelf life, etc.

Dr. Gary H. Richardson

2:30 p.m.

Problems associated with improper
cheese cooling

Dr. C.A. Ernstrom

•

•

•

2:55 p.m.

The effect of raw milk quality upon
Edam and cottage cheese manufactured
using ultrafiltration

3:20 p.m.

Snacks and conversation

3:35 p.m.

Effects of curd firmness and healing
time on yields

Dr. Clair L. Hicks

4:00 p.m.

Deriving plant-specific cheese yield
formulae

Dr. Rodney J. Brown

4:20 p.m.

Are we critical enough of our cheese
yield formulae?

Dr. Douglas B. Emmons

4:45 p.m.

Quantitation of whey or non-dairy
solids in cheese products using
amino acid analysis

6:00 p.m.

Cheese tray and Dinner Buffet
Taggart Student Center, Sage and
Walnut Rooms

Dr. Charles White

Dr. Rodney J. Brown

Dr. Randall K. Thunell

THURSDAY, AUGUST 25, 1988
Theme:
Chairman:

Cheese and Whey Developments
Mr. Rex C. Infanger

8:30 a.m.

Metals detoxification using whey
permeate

Dr. Conly L. Hansen

9:00 a.m.

Lactose utilization in foods
and non-foods

Dr. Robert L. Olsen

9:45 a.m.

Snacks and conversation

10:10 a.m.

Export market for whey, lactose
and dry minerals

Mr. Tom Kalange

10:40 a.m.

Milk Pricing in the Year 2000

11 ~ 20 a.m.

Little Yellow Dog Awards
Winners of cheese identification contest

11:30 a.m .

Adjourn

Dr. Donald R. Nicholson
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BIENNIAL CHEESE INDUSTRY CONFERENCE
August 23, 1988

How are the New Dairy Foods Research Centers
Designed to Contribute to the Cheese Industry?

by
Dr. Charles c. Hunt .
Vice President, Dairy Foods Research Centers
National Dairy Promotion and Research Board

Prior to the Dairy and Tobacco Adjustment Act of 1983, u.s. food
and
stateagricultural
and federal research
sources. funding was divided among private,

U.S. AGRICULTURAL RESEARCH
Funding Sources in 1983
% Total Funding

About Federal
thirty per
cent programs.
(JOt) of the agricultural research came
under
funding
USDA has many of the postharvest programs, but others involve the
Food and Drug Administration, the National Science Foundation and
other federal agencies (1). In 1987, approximately Twelve per
cent (12%) of the total agricultural research dollars was spent
for postharvest and marketing research. The 1983 Office of
Technology Assessment report indicated a reduction of Seventeen
per cent (17%) in USDA support of postharvest research over the
previous ten-fifteen (10-15) years (2). Although state and
industry funding increased during that time, much of this
research
of an applied nature and plays a supporting role to
productionisagriculture.
1

As a result of dairy research funding priorities, the amount of
research in dairy production, measured by the number of papers
presented (or published) at the ADSA annual meetings, has been
ever increasing.
DAIRY PRODUCTION PAPERS AT ANNUAL MEETINGS
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This year, 451 dairy production papers were presented (3).
In contrast, it was not until 1980 that the general decline in
dairy food research papers stabilized and began to show a
significant increase.
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1990

This year 166 dairy foods research papers were presented.
As a per cent of total research papers, dairy foods research is
nearly constant.
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This year dairy foods research papers represented about twentyseven per cent (27%) of the total papers presented.
It was recognized that something needed to be done to increase
support for Dairy Foods research. In 1983 the Dairy and Tobacco
Adjustment Act established the National Dairy Promotion and
Research Board (NDPRB), funded by the dairy farmer checkoff
program with USDA oversight review (4). The Board seeks to
increase the utilization of milk and dairy products by humans
through advertising, nutrition education, and nutrition and
product research {5).
The Product Research Program includes Competitive Research, Dairy
Centers, Scholarships and Focused Research. It is the Dairy
Foods Research Centers (DFRC) that will be the focus of this
presentation.

•

six DFRC's have been selected after review and screening of
twelve proposals involving thirty-two institutions •
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Cente~:

Director

Southeast DFRC
Northeast DFRC
Wisconsin COR
MN/SOS DFRC
Western DFRC
California DFRC

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

David Lineback
David Barbano
Norman Olson
Joseph Warthesen
Gary Richardson
Tom Richardson

All six Centers have signed contracts and received funding.
Annual Plans for the first year operation have been approved
leading to the funding of seventy projects now underway at Center
Boards.
locations With seventeen more pending approval by local Advisory
Support for the Centers comes from the universities, local dairy
industry and NDPRB. University support is in the form of
facilities and staff, measured by full time equivalents (FTE).
Center

FTE 1 s

Southeast
Northeast
Wisconsin
MN;sos
Western
California

6.0
9.6

7.5
6.2
6.6

--2..t2

Total

41.6

There is a real need to increase the research manpower at these
Centers for more rapid progress in creating utilization
opportunities. Project funding addresses the need to support
young researchers at the graduate level. The newly established
Scholarship Program seeks to attract undergraduates to a career
in the dairy industry by providing twenty scholarships, One
Thousand
Dollars ($1,000) each, to juniors and seniors studying
dairy
science.
Local industrylocal
support
comes from financial contributions of
participating
sponsors.
Cente,~:

Annual Local Contribution
Southeast
Northeast
Wisconsin

$

MNjSDS

•

Western
California
Total

388,413
939,175
721,311
400,000
500,500
458,000

$3,407,399
4

Based on selection criteria and other support, NDPRB has
allocated
follows: its funding, $13,500,000 over a five year period, as
Center

Annual Commitment

Southeast
Northeast
Wisconsin
MN/SDS
Western
California

$

400,000
600,000
500,000
400,000
400,000
400.000

Total

$2,7oo,ooo

The objectives for the Dairy Foods Research Centers are:

*

Conduct
that would increase the utilization of milk
for
humanresearch
consumption.

*

Develop, programs.
coordinate and seek funding for multi-disciplinary
research

*

Develop, maintain and disseminate information on dairy
research.

*

Attract
scholars from universities, governmental
agencies visiting
and industry.

*

Coordinate activities with other Dairy Centers.

In the Annual Plans for the six Dairy Centers, there are six
general research categories:
DPRC Research Categories
Dairy
Dairy
Dairy
Dairy
Dairy
Basic

•

Food Processing
Food Development
Biotechnology
Food Quality
Food Safety
Studies

First six
yearareas
Budgets
indicate a good mix of funding percentage over
these
•
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DAIRY FOODS RESEARCH CENTERS
Planned Research Expenditures (%)

Dairy Biotechnology
Basic Studies

Dairy Food Processing

In the cheese
area, there are a variety of specific projects
approved
for funding:
Center
SE

WI
WI
WI

WI

WI

MN;sos

Investigator
Title

c. White

Comparison of Predictive Shelf-life
Methods and Sampling Plans for
Fluid Milk and Cottage Cheese

R. Bremmel
K. Lee
J. Gregor

Incorporation and Expression of
Bovine Casein in Transgenic Animals
Calcium Cheese
Fortified Dairy Products:
Cottage

E. Johnson

E. Johnson
J. Nelson
E. Johnson

L. McKay

Generation and Roles of Proline in
Providing Flavor and Pathogen
Protection in Cheese
Effects of Heat Treatment and
Cheesemaking Variables on Pathogen
Survival and Growth
Prevention of Survival and Growth
of Pathogens in Milk and Cheese by
Enhancement of the Activity of
Lactoferrin and Lysozyme
Plasmid Biology and Analysis of
Gene Transfer Systems of Dairy
Streptococci in Order to Construct
Strains for Improved Dairy
Fermentation Processes
6

MN/SDs

s. Harlander
Electroporation of Dairy Starter
Cultures

MN/SDs

s. Harlander

MN/SDs

s. Harlander

MN/SDs

MN/SDs

MN/SDs
MN/SDs

Use of Specific Lactic Acid
Bacteria
to Control Pathogens in
Cheese
T. Labuza

w.

Western

Western
Western
Western

Methods for Improvement of Yield
and Quality of Cheddar Cheese

J. Warthesen

Western

Western

Use of Time-Temperature Integrators
as Indicators of Potential Pathogen
Presence in Soft Cheese and Yogurt

s. Tatini

A. Mahoney

Western

DNA Fingerprinting for
Identification of Microorganisms of
Interest to the Dairy Industry

s. Tatini

Western

Western

Genetics of Lactobacilli of
Interest in Dairy Fermentations

Determining the Degradation of
Proteins in Dairy Products
Iron Fortification of Cheese Curd

Sandine

L. Ogden
G. Richardson

c. Ernstrom
R. Olson

G. Richardson
Torres
L. Ogden

Characterization of Bacteriophage
Receptor Sites
Production of Cottage Cheese from
UF Retentate
Improving Mozzarella Properties
Using Proteinase Negative Cultures
Effect of Milk Clotting Enzymes on
Curing/Quality of Cheddar Cheese
Interactions of Protein and
Polysaccharides in Chymosin and
Acid Coagulation of Milk
Improved Cheese Manufacture Through
Vat Monitoring
Cheddar Cooling: Effect of Cheese
Composition and Cooling Method
Method for ·Identifying Batch of
Origin
in Semi-continuous Cheese
Processes
7

Western

J. Kondo

Temperate Phages as Potential
Genetic Sources for Lytic
Bacteriophages

Calif.

c. Genigeorgis

Safety of Hispanic Cheeses with
Respect to Selected Pathogens

Calif.

P. Singh

Computer Aided Simulation of Cheese
Ripening

Calif.

K. Nilson

Partial Homogenization of Whole
Milk Prior to Manufacture of
Cheddar Cheese and Cheese Curd

In addition to these specific projects, there are several more
that will have indirect application to cheese.
Perhaps the key to the impact the DFRC program will have on the
dairy industry is communication of industry needs and research
results. Now that the majority of research projects are
underway, there will be more emphasis on gathering information
relating to industry needs and on commercializing research
results. Innovative strategies will be needed to make this
communication successful.
In summary, the NDPRB Dairy Foods Research Centers Program is
designed to contribute to the Cheese Industry by:

•

*

Participating in funding of multidisciplinary dairy
research programs that would increase the utilization
of milk and dairy products by humans.

*

Supporting the development of dairy careers at the
graduate and undergraduate levels and provide for
exchange of dairy research professionals.

*

Coordinating the research activities and results among
the six Dairy Centers.

*

Develop promising technologies and communicate research
information to industry .

8
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EFFECT OF FEDERAL MILK MARKET ORDER PRICING ON THE CHEESE INDUSTRY
by
Calvin Covington
General Manager
NATIONAL ALL-JERSEY INC.
P.O. Box 27310
Columbus, Ohio 43227
Utah State University
August 23, 1988

The Agricultural Marketing Agreement Act of 1937 authorized
Federal Milk Marketing Orders (FMMO). A major purpose of the FMMO is
to ensure an adequate supply of pure, fresh and wholesome fluid milk to
consumers at all times. FMMO are thus designed to serve the fluid
industry. In spite of this fact, FMMO greatly affect the cheese
industry. There are many ways FMMO affect the cheese industry, but my
remarks will address effects on milk pricing.
Background
For many years, the cheese industry was not influenced by FMMO
pricing for the following reasons.
1.

The amount of milk regulated by FMMO. It was not until 1968
that FMMO regulated and priced over 50% of the nation's milk.

Table 1. Amount of U.S. milk supply regulated by FMMO.

•

Source:

Year

Production
Regulated
b:t FMMO
(Mil. Lbs.)

Percentage of
Total Production

1950
1955
1960
1965
1968
1970
1975
1980
1985
1986
1987

18,660
28,948
44,812
54,444
56,444
65,104
69,249
83,998
97,762
98,791
98,163

25
32
43
48
52
59
63
67
70
70
70

Dairy Market News.

Volume 55. Report 14
1

2.

Volume of milk utilized by the cheese industry. The cheese
industry did not utilize 20% of the nation's milk supply
until the mid 70s.

Table II.

Percentage of milk supply utilized by the cheese industry.
Total
Production
(Mil. Lbs.)

Year

7,862
11,122
11,855
13,553
13,364
15,735
19,566
23,883
33,925
41,700
42,239

7.05
9.22
10.11
11.02
10.85
12.67
16.73
20.71
26.40
29.03
29.32

1987 National Milk Producers Federation
Dairy Producer Highlights
The amount of manufacturing grade milk. For many years, the
cheese industry received much of its milk supply from
manufacturing Grade milk (Grade Band C milk). FMMO only
regulates Grade A milk.

3.

Table III.

Source:

Percentage Used
in Cheese

111,512
120,628
117,302
122,945
123,109
124,180
116,962
115,334
128,525
143,667
144,080

1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
1986
Source:

Total Production
Utilized in Cheese
(Mil. Lbs.)

Volume of manufacturing grade milk.
Year

Manufacturing Grade
Milk Product i Qn
(Mil. Lbs.)

Percentage of
Total Production

1965
1970
1975
1980
1985
1986

34,943
28,611
22,048
18,681
18,127
16,837

31
26
20
15
13
12

1987 National Milk Producers Federation
Dairy Producer Highlights

2

The above tables clearly show the evolution of the U.S. dairy
industry:
1.
2.
3.

FMMO are regulating a greater percentage of the U.S. milk
supply, 70% in 1987.
The cheese industry is utilizing a greater percentage of the
milk supply, almost 30% in 1986, more than double the volume
used in 1970.
The supply of manufacturing grade milk is decreasing. The
volume of manufacturing grade milk is less than half than it
was twenty years ago.

These trends are forcing the cheese industry to be more dependent
upon and thus more affected by FMMO. The following table supports this
conclusion.
Table IV. The amount of Federal Order milk utilized in Class I (fluid
milk).

1950
1955
1960
1965
1970
1975
1980
1985
1986
1987
Source:

Total Fluid
Utilization
(Mil. Lbs.)

Percentage of
Total Production

11,000
18,032
28,758
34,561
40,063
40,106
41,034
42,201
42,725
42,897

58.9
62.3
64.2
63.5
61.5
57.9
48.9
43.2
43.2
43.7

Dairy Market News.
Volume 55, Report 14.

The above table shows that only 43.7% of all FMMO milk is utilized
in fluid products. The remaining 64.3% of FMMO milk is utilized in
manufactured products.

3

Federal Milk Marketing Order Pricing
Because FMMO were developed for the fluid milk industry, the milk
pricing system used by FMMO was also designed for the needs of the
fluid industry.
Until April 1, 1988, all 41 FMMO used skim-butterfat milk pricing.
This pricing system pays X dollars for a hundredweight of milk
containing 3.5% butterfat. Then an adjustment in the form of a
butterfat differential is made for each one-tenth percent of butterfat
above and below 3.5%.
This FMMO pricing system has negatively affected the cheese
industry because ... the cheese industry utilizes two components in
milk, besides water. They are butterfat and protein, or more
specifically, casein. The protein (casein) is contained in the skim
portion of milk. Under skim-butterfat pricing, the same price is paid
for the skim regardless of the level of protein. A milk containing
three pounds of protein receives the same price as one containing four
pounds.
This type of milk pricing system used by FMMO challenges the
cheese industry in two areas.
Equity
Assume two cheese plants are purchasing milk under a FMMO. Both
milks contain 4.0% butterfat. But one milk contains a protein content
of 3.5%, and the other 3.2%. The FMMO Class III (cheese) price is
$10.34, $.151 butterfat differential. Both cheese plants would then
pay the same price, $11.10/cwt., for each milk.
The cheese plants manufacture each milk into 38% moisture Cheddar
cheese. Using the Cheddar cheese yield formula modified by Dr.
Ernstrom, the 3.5% protein milk yields 10.95 pounds cheese. The 3.2%
protein milk yields 10.38 pounds cheese.
When the milk costs are analyzed on a per pound of cheese basis,
the costs are as follows:
Cost Per
4.0% Butterfat, 3.5% Protein $11.10 Milk Cost = $1· 01 Milk
Pound Cheese
10.95 lb. Cheese
4.0% Butterfat, 3. 2% Protein $11.10 Milk Cost
$
Milk Cost Per
10.38 lb. Cheese = 1•07 Pound Cheese
This example shows that the FMMO milk pricing system does not give the
cheese maker equal raw product costs.

4

Market-Oriented
The main goal of a milk pricing system operating in a free market
economy should be to give dairy farmers the economic incentive to
produce the kind of milk from which a plant can profitably produce the
kind of dairy products demanded by consumers. In other words, a milk
pricing system should be market-oriented.
Skim-butterfat pricing does not accomplish this goal for the
cheese industry. In fact, it does exactly the opposite. It encourages
dairy farmers to produce more volume with little or no regard for the
butterfat and protein contained in that volume.
For example, two dairy farmers ("A" and "B"}, are both selling 4.0
pounds butterfat. Farmer "A" sells 100 pounds milk testing 4.0%
butterfat. Farmer "B" sells 114.29 pounds milk testing 3.5% butterfat
but still containing 4.0 pounds butterfat.
Using a milk price of $10.34/cwt. and a $.151 butterfat
differential, the hundredweight of milk testing 4.0% butterfat has a
value of $11.10/cwt. The 114.29 pounds of 3.5% butterfat milk has a
value of $11.82/cwt. The 14.29 pounds of added water increased Farmer
"B"'s check by $.72. Yet both milks will provide the same pounds of
cheese.
This is the incentive FMMO pricing has given dairy farmers. It
has encouraged dairy farmers to legally add water to their milk by
feeding, breeding, and/or managing their herds to increase volume with
little or no regard for composition. But at the same time, the cheese
industry demands milk with the highest composition of butterfat and
protein in the least amount of volume.
One can see the economic consequences that FMMO pricing causes the
cheese industry.
Changes in Milk Pricing
The drawbacks of FMMO pricing are recognized by many in the cheese
industry. As a result, efforts have been made to develop and implement
milk pricing systems better suited for the cheese industry based upon
Multiple Component Pricing. Utah State University, under the
leadership of Drs. Ernstrom and Brown, has been a pioneer in this
effort.
The use of Multiple Component Pricing (MCP} by plants and
cooperatives in FMMO has increased significantly in recent years. A
February, 1988 Federal Milk Market Administration Task Force report
states that 48.06% of all Federal Order producers are eligible to be
paid under some form of MCP. Two years ago, the same Task Force
reported the percentage was 43.47%. In two years, the number of
Federal Order producers eligible for MCP has increased 9.2%.
5

Except for one Federal Order and the state of California, all MCP
plans are voluntary. Many of them, particularly those used by plants
and cooperative participating in Federal Orders, are premium programs.
The reason for this is that the Federal Orders require proprietary
plants to pay at least the minimum announced uniform price to
producers. Cooperatives are given the authority under the CapperVolstead Act to reblend; therefore they can pay below the announced
uniform price. However, most pay at least the minimum price in order
to remain competitive.
The only cheese plants that have been able to implement true MCP
plans, such as End Product Pricing (EPP), are those that are
unregulated, i.e. not participating in FMMO. There are a few cheese
plants using EPP participating in Federal Orders. However, they are
able to do so only by purchasing high fat and protein milk in which the
End Product price is always above the minimum Federal Order price.
As pointed out earlier, as the supply of unregulated manufacturing
grade milk continues to decrease, the demand for cheese milk increases.
It is becoming more difficult for cheese plants not to become involved
in Federal Orders. In addition, if a cheese plant is located in an
area where the Federal Order Class I utilization is 30-40% or greater,
it is almost a necessity for a cheese plant to participate in the
order. If not, it is difficult for a cheese plant to be competitive
for milk even on high fat and protein milk purchased under End Product
Pricing.
Multiple Component Pricing in Federal Orders
The best solution at present to address the challenges outlined allowing a cheese plant to participate in a Federal Order with a milk
pricing compatible with cheese making - is to change the FMMO pricing
system. A change to a MCP system will result in pricing that is both
equitable and market-oriented.
Over the years, there has been much discussion concerning the
implementation of MCP into FMMO. It has been all talk until this year.
On April 1, 1988, the first FMMO implemented MCP. This FMMO is
the Great Basin. It covers Utah, and parts of Idaho, Nevada and
Wyoming. Proponents of this MCP admit this is not a perfect pricing
plan for the cheese industry. However, based on the limitations placed
by FMMO and the obstacles that had to be overcome in implementing MCP
in the first FMMO, it is a 100% improvement over skim-butterfat
pricing for cheesemakers and their producers .

•
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Underlying Assumptions
Five basic ideas form the Great Basin MCP plan.
First, there are no differentials or blend prices. Handlers
purchase milk, and producers are paid based on pounds. It is much
easier to use pounds in place of differentials when two components are
used.
Second, the component being priced in addition to butterfat is
protein.
Third, the Minnesota-Wisconsin (M-W) series price, as under skimbutterfat pricing, is used as the base price.
Fourth, only Class II and Class III (manufacturing) handlers
purchase milk on both butterfat and protein content. Class I (fluid)
handlers purchase milk using skim-butterfat pricing.
Finally, this MCP plan redistributes the skim portion of the M-W
series price to producers based upon the protein content of producers'
milk.
Component Prices
The following explains how the component values are determined.
Three component values, butterfat, protein and skim, need to be
calculated first. The following are needed to determine these prices
(May, 1988 values).
Minnesota-Wisconsin price ....... $10.34
Chicago butter price ............ $ 1.31
Previous month's protein%...... 3.13%
The butterfat price per pound is calculated by subtracting from
the M-W series price the average Chicago butter price for the current
month multiplied by 4.025. The result is divided by 100, then the
butter price multiplied by 1.15 is added. The following shows these
calculations:
$10.34 - ($1.31 X 4.025) = $5.07
$5.07 -- 100 = .05
.05 + ($1.31 x 1.15) = $1.56 Butterfat Price/lb.
The protein price per pound is calculated by subtracting the
butterfat price multiplied by 3.5 from the M-W price. This figure is
then divided by the average producer protein percentage for the
previous month. The following example shows how this is done:
$10.34

•

(3.5 x $1.56)
3.13

=

$1.56 Protein Price/lb.

7

The skim milk price per hundredweight is the M-W price adjusted to
remove the value of 3.5 lbs. butterfat. The following example shows
this:
$10.34 - ($1.31 x 4.025) = $5.07/cwt.
Pavments By Handlers
A primary challenge to implementing MCP in Federal Orders has been
to develop methods for handling the value of protein in Class I milk.
This is due to the current low minimum standards for fluid milk, lack
of acceptable technology to standardize protein as is done with
butterfat, the inability to recover the cost of additional protein in
fluid milk from the marketplace and the requirement that all handlers
have equal raw product costs.
However, the MCP plan for the Great Basin FMMO has answered this
challenge. Each handler will pay for milk as follows:
Class I
1.
2.
3.

Pounds of butterfat multiplied by the butterfat price per
pound;
Pounds of skim multiplied by the skim price per
hundredweight; and
Pounds of milk multiplied by the Class I differential.
Class II

1.

2.
3.

Pounds of butterfat multiplied by the butterfat price per
pound;
Pounds of protein multiplied by the protein price per pound;
and
Pounds of milk multiplied by the Class II differential.
Class III

1.
2.

•

Pounds of butterfat multiplied by the butterfat price per
pound; and
Pounds of protein multiplied by the protein price per pound .
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The following shows how a cheese plant would pay for milk under
this system compared to FMMO skim-butterfat pricing.
100 lbs., 3.6% fat, 3.13% protein
Multiole Component Pricing
3.6 lbs. fat x $1.56 .......... S 5.62
3.13 lbs. protein x $1.56 ...... 4.88
Pay price .................. $10.50
Skim-Butterfat Pricing
Class III price ..•.............. $10.34
Butterfat differential ..........
.15
Pay price .................. $10.49
In this example, where the Class III handler is purchasing milk
testing the market average protein (3.13%), the price paid under MCP is
the same as skim-butterfat pricing. (Difference of .01 due to
rounding.) If the milk tested above the market average, the handler
would pay more than skim-butterfat pricing. .If protein were under the
market average, the handler would pay less.
Payment To Producers
Marketwide pooling is used in the MCP plan as under the
conventional pricing system. A producer is paid for milk based upon
three factors:
Pounds of butterfat at the butterfat price per pound;
Pounds of protein at the producer protein price per pound; and
. Total volume of production at a weighted average differential
price.
Note again that payment is based upon pounds butterfat and pounds
protein sold.
The producer protein price per pound is computed by combining the
Class I skim value and the Class II and Class III protein values, then
dividing the total by the pounds of protein in producer milk in the
pool. It is not expected that the producer protein price will vary by
more than one cent from the price paid by handlers for Class II and
Class III (manufacturing) milk.
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The weighted average differential
producer's share of the added value in
II utilization. This value would also
adjustments for such items as overage,
location, and other source milk.

price represents each
the market's Class I and Class
take into consideration
reclassified inventory,

The following are examples showing how producers are paid under
MCP, compared to skim-butter pricing.
Butterfat price/lb ................. . $ 1.56
Producer protein price/lb .......... . 1.55
Weighted average differential/cwt .. . 1.03
Blend price (skim-butterfat) ....... . 11.37
.151
Butterfat differential ............. .
Producer A

100 lbs. milk, 3.5 fat, 3.0% protein
Multiple Component Pricing
3.5 lbs. fat x $1.56 ............ $ 5.46
3.0 lbs. protein x $1.55 ........ 4.65
Weighted average differential ... 1.03
Pay price .................. $11.14
Skim-Butterfat
Blend price

.....................

$11.37

Producer 8
100 lbs. milk, 4.8% fat, 3.8% protein

Multiple Component Pricing
4.8 lbs. fat x $1.56 ........... . $ 7.49
3.8 lbs. protein x $1.55 .......• 5.89
Weighted average differential .. . 1.03
Pay price ................. . $14.41
Skim-Butterfat
Blend price ..................... $11.37
Butterfat differential .......... 1.96
Pay price .................. $13.33
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Significance
The significance of this decision cannot be over-emphasized. It
represents a major change in the pricing of milk in FMMO. Most
importantly, it provides a market-oriented milk pricing system. It
provides cheesemakers with equal raw product costs. MCP gives
producers the signal to produce the kind of milk that cheese plants and
dairy processors need to efficiently meet consumer demand. In the long
run, this will increase income to dairy farmers and strengthen the
entire dairy industry.
Now that the first FMMO has implemented MCP, there is interest in
other FMMO to do likewise. In the near future, we should see MCP
adopted by other FMMO.
As mentioned earlier, no one claims that this is a perfect pricing
plan for the cheese industry. However, most agree that it is a
tremendous improvement over skim-butterfat pricing. It is a major
accomplishment in itself to see FMMO move from a milk pricing system
directly solely to the fluid industry to one more compatible with the
cheese industry. This trend will hopefully continue to make FMMO
pricing more in tune with the needs of the U.S. cheese industry.
Summary
The following points were presented:
1.

FMMO are regulating 70% of the nation's milk supply.
percentage continues to increase.

This

2.

The cheese industry is utilizing a greater percentage of the
nation's milk supply, almost 30% in 1986. This percentage
is increasing.

3.

The amount of FMMO milk used in manufacturing is increasing.
In 1987, it was 64.3%.

4.

The amount of manufacturing grade milk is now only 12% of
total milk supply.

5.

The above facts show the cheese industry is becoming more
reliant upon FMMO for milk supply.

6.

The milk pricing systems now used in all FMMO is directed
toward the fluid industry - not cheese.

7.

Over 48% of all FMMO production is eligible for some type of
MCP.
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8.

FMMO limit proprietary cheese plants from implementing true
MCP plans.

9.

April 1, 1988 saw the first FMMO implement a MCP plan.

10. · This MCP plan allows cheese plants to purchase milk based on
pounds of butterfat and protein.
Compared to the fluid handler, the cheesemaker historically has
not taken an active role in working to change FMMO rules and
regulations. Now this is beginning to change.
We are seeing the cheese industry voice its concerns and
opinions. Not only in the area of milk pricing but in other areas such
as pooling requirements, differentials, etc. In the future, the cheese
industry seems likely to continue to do this and do it more vigorously.
The cheese industry will stress that it deserves to be treated fairly
and equitably under FMMO the same as the fluid industry. This move
will benefit both the cheese industry and the entire dairy industry.
The cheese industry will benefit because it must be assured of an
ample, high-quality and equitably priced milk supply. The remainder of
the dairy industry will benefit because of the growing economic
importance of cheese to the dairy industry .

•
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California Cheese Production:
Industry Development and Future Trends
L. J. Butler
Dept. of Agricultural Economics
University of California, Davis
The California dairy industry has changed drastically in the last two
decades. Once primarily a fluid state, the California fluid market accounts
now for only 33 percent of its total milk production. While milk production
in California has increased 90 percent since 1970, California's cheese
production has increased a phenomenal 272 percent in the same period. In
1987, 26 percent of all milk produced in California went to cheese
manufacturing.
Yet, California still remains a cheese deficit state.
Last year
(1987), California imported about 300 million pounds of cheese - almost 50
percent of its requirements.
This paper examines the development of the
California cheese industry and some possible future implications of
continued growth.
Cheese Production in California.
In a short 15 years, California's annual production of cheese has
increased twenty-fold, from around 25 million pounds in 1972 to almost 500
million pounds in 1987.
In the last 10 years cheese production has
quadrupled, and in the last 6 years it has doubled.
Figure 1 puts this
increase into perspective. From the period 1920-1970, California produced
anywhere from 7 to 20 million pounds of cheese annually. Since 1970 cheese
production has grown to almost 500 million pounds annually.
Figure 1

CALIFORNIA CHEESE PRODUCTION,
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Fluid milk and fluid milk products account for about 40 percent of the
total milk produced in California. Most of the rest of •.he milk goes to
make three basic products; butter, nonfat dry milk and cheese. As shown in
Table 1, cheese accounts for about 26 percent of the total milk produced in
California.
Table 1.
MAJOR DAIRY PRODUCTS AS A PERCENTAGE OF
TOTAL MILK PRODUCTION, CALIFORNIA, 1987
Fluid milk
Other Class 1 and Class 2
Ice Cream
Butter/Powder
Cheese

34%
8%
7%
25%
26%
100%

Prior to 1972, up to 5 percent of all milk produced was used for cheese
manufacturing in California.
As Figure 2 shows, the percentage of milk
going to cheese has increased dramatically since 1972.
Figure 2.

CALI FORIU ACHEESE PRODUCT ION AS A
PERCENTAGE OF TOTAL MILM PRODUCTION
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About 73 percent of all cheese produced in California is consumed in
state, about 17 percent is sold in other U.S. markets and about 10 percent
is sold to the CCC.
However, as mentioned previously, California is a
cheese deficit state. Imports from other U.S. and foreign markets make up
about 50 percent of California cheese requirements.
Growth in the California Cheese Industry
A number of factors account for the tremendous growth in California's
cheese industry. First, there has been a marked increase in milk production
in California over the last 15 years. The bipartite growth in cheese and
n1ilk production is however a little like the chicken and egg paradox. It is
not all clear whether the increase in milk production has encouraged
increased capacity for cheese manufacturing, or whether the cheese making
capacity has spawned the marked increase in milk production. In many ways,
the two have grown together and there has probably been some synergism
between them.
In any case, the growth in cheese production has been
strongly influenced py the growth in milk production.
California dairying is distinctively different from dairying in most of
the rest of the U.S. Drylot dairies predominate with producers purchasing
most of their own feed requirements. This allows for a much more intensive
system of farming. Dairy herds tend to be much larger in California and per
cow production is higher then U.S. averages.
The average herd size in
California is around 420 cows compared to a U.S. average of 60.
Average
production per cow was about 18,000 pounds in 1987 compared to a national
average of 13,600 pounds.
The practice of purchasing most feed requirements means that milk
production in California is quite sensitive to changes in feed costs. Feed
costs in California have averaged 30 to 40 percent more per hundredweight of
milk then in the mid-west and tend to be higher than most other states. On
the other hand, relatively low feed costs in recent years have favored the
California dairyman. In addition, California producers take advantage of an
unique variety of local commodity by-products such as cottonseed, beet pulp,
citrus pulp, almond hulls and other waste products to supplement the high
concentrate diet.
In contrast, the state's mild year-round climate, with relatively low
humidity puts less stress on milking stock and tends to stabilize annual
milking cycles. In addition, less capital investment and equipment is
required for cropping and for housing animals. As a consequence, despite
the relatively large proportion of feed costs to total costs, and the more
expensive feed, the cost of producing milk in California has been
consistently more than a $1.00 per hundredweight lower than in other regions
of the U.S.
Second, California has its own unique state milk marketing order that
sets minimum prices for all classes of milk.
Since the price setting
mechanism is independent of Minnesota-Wisconsin prices, the incentives
created under the California system differ from those created by the federal
milk marketing orders. In general, prices for ·raw milk are lower and more
stable in California as a result of the stabilization and pooling mechanisms
in effect there. These lower prices give cheese manufacturers a distinctly
competitive advantage in raw product cost, and is a major reason for the
3

growth and expansion of the cheese industry in California.
Third, California's geographical isolation has substantially limited
the amount of raw milk that flows into and out of the state. The Sierra
Nevada mountains and the vast expanse of largely wild, unsettled land to the
east of California presents a large and formidable barrier to low cost
inter-state transportation. Because it is so expensive to ship milk out of
state, California has always had to assure itself of sufficient in-state
capacity.
The capacity to handle all the milk that California produces,
including cheese manufacturing facilities, are located in relatively defined
areas around the various milk sheds.
The proximity of plants to most
dairies has provided a relatively inexpensive transportation system instate. Thus the expense of shipping cheese into California, and the
relatively inexpensive in-state transportation system has been a significant
factor in the expansion of cheese manufacturing in California.
All these factors have allowed California dairy farmers to increase
production in the face of falling milk prices, and at the same time, has
allowed the cheese industry to expand and grow to the major force i t is
today.
Current and Future Cheese Consumption Trends in California
Accurate data on cheese consumption trends in California are
notoriously difficult to come by. There is very little monitoring of cheese
exports (apart form CCC sales) and little or no monitoring of cheese imports
into California.
Best estimates of cheese consumption place California
consumption of all cheese at about 24-26 pounds per capita in 1987. While
per capita cheese consumption is some 3-4 pounds per capita higher in
California then the national average, and per capita cheese consumption has
been increasing over the last 5 years, most of the increase in total cheese
consumption can be explained by California's increasing population.
Trends in consumption patterns of cheese are even more difficult to
come by.
Market analysis is expensive and not readily available.
In
general about 2/3 of all cheese consumed in California is natural cheese,
the balance is processed cheese. About 60 percent of all cheese consumed is
American cheese (Cheddar, Colby, Jack, Process American), 20 percent
Mozzarella, and the other 10 percent is consumed in the form of Italian,
Swiss and Cream cheeses.
It would appear that about 1/2 of all cheese consumed is sold at
retail, the other half being used in food services and food manufacturing.
Of the cheese sold through groceries, about 80 percent is warehoused, and
the other 20 percent is direct store-delivered.

•

A study carried out by The Stanford Research Institute (SRI) in 1983
projects California per capita cheese consumption to increase an average of
3.1 percent per year for a total of 54 percent increase by 1995, or per
capita consumption at 29 pounds per capita by 1995.
Natural cheeses are
projected to increase more (3.4%) than process cheese (2.7%), and Cheddar is
projected to be the largest volume consumed, followed by Mozzarella, Jack
and other cheeses .
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Future demand for cheese in California will be affected by a number of
factors. First, cheese is relatively income elastic - that is, relatively
sensitive to the level of per capita disposable income. Hence, increases in
per capita disposable income will tend to increase the demand for cheese.
Likewise decreases in per capita income levels will decrease the demand for
cheese. Second, cheese is probably the most price elastic of all dairy
products. Therefore, the rate of increase in cheese prices must remain close
to or lower than the rate of inflation if cheese is to remain competitive.
Third, prices of competing foods such as poultry, red meat and seafood are
important determinants of cheese consumption.
In general if the prices of
these foods increases, then cheese consumption can be expected to increase.
Fourth, consumption demographics are important when considering the future
demand for cheese.
Increases in the
general population, affluent
consumers, Hispanics and the 30-45 year old age group will all tend to
increase cheese consumption. Finally, consumer attitudes and lifestyles will
impose a strong influence on cheese consumption. In general, trends appear
to indicate that consumers are placing more emphasis on convenience,
quality, nutrition and naturalness. Cheeses negative characteristic appears
to be concern over high-fat and cholesterol content.
Taking all these factors into consideration, the prospect for continued
growth in the demand for cheese is relatively favorable provided cheese
prices continue to remain competitive with the prices of other foods.
California Cheese Manufacturing and Marketing
The greatest production growth in cheese has occurred in Cheddar and
Mozzarella. In 1987 they accounted for almost 70% of all cheese output in
California. Production of cheese by varieties is shown in Figures 3 and 4.
Figure 3 shows the absolute volume of cheese by variety while Figure 4
presents the percentage of total of each.
It should be noted that while
Mozzarella is not specifically identified in these charts, about 90 percent
of all skim milk and part-skim milk cheeses is Mozzarella.
Looking at Figure 4, it is clear that Mozzarella cheese took an early
lead in the expansion of the California cheese industry.
It wasn't until
1980 that cheddar started to play a substantive role in California cheese
production. It was also in that year (1980) that California began to sell
cheddar cheese to the Commodity Credit Corporation (CCC).
According to the SRI study, almost all process cheese consumed in
California, and about 80% of all natural American cheese is imported.
However, it is clear from Figures 3 and 4 that Italian, Cream and other
cheeses are making relatively strong gains in production.
Most of these
cheeses are consumed in-state.
In terms of future supplies of cheese for California, a number of
factors will determine what an optimal strategy for California should be.
The first and most obvious is a continued supply of milk. Given the
relative advantages California has in terms .of productivity, cost of
production, climate and stability in pricing, it would appear that expansion
of milk production will continue in the absence of any restrictive federal
policy measures. On the other hand, because milk production in California
is sensitive to feed costs, future prices for feed grains and concentrates
5
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may temper this trend.
A second factor that is important in considering future cheese
manufacturing capacity in California is federal policy. Current debate in
Washington D.C. seems to point to policies that could go in either of two
polar directions.
One direction is to get rid of the price
support/government purchase program. The other direction is to impose some
fairly stringent mandatory production quotas.
Production quotas would
definitely hurt California by locking in an inefficient, non-expansionary
dairy sector. Eliminating price supports and government purchasing of
surplus would probably be to Californias advantage, although it would
increase uncertainty and perhaps decrease stability.
A third factor to consider is state policy.
In 1982, the California
State Legislature authorized the separation of Class 4a and Class 4b prices
(Class 4a is milk used for the manufacture of butter and powder. Class 4b
is milk used for the manufacture of cheese. At the moment Class 4a and 4b
prices are set equal) . However, there does not seem to be any consensus
emerging about how the separate prices should be determined. Protein
pr1c1ng has also been a popular topic in California recently.
California
already has component pricing for fat and solids-not-fat, so introducing
another component would not be difficult. Studies continue to be aired in
California, but consensus has not yet come about.
More serious perhaps is the gradual relocation of Southern California
dairies into the South San Joaquin Valley. Many of the cheese manufacturers
in the Los Angeles basin and Chino Valley areas may have to relocate as
dairying continues to diminish in this area, particularly if transportation
costs escalate in the future.
Finally, perhaps the most important aspect of continued growth in
cheese manufacturing in California is cheese plant costs. California labor
costs and the cost of interest and depreciation associated with new plants
are higher in California than in most cheese exporting states. While we do
not have reliable figures, the cost of cheese production in California has
more than doubled in the last 7 years. These figures, presented in Table 2,
were derived from an ongoing survey of 6 cheese plants in California
conducted by the California Department of Food and Agriculture.
Table 2.
COST OF CHEESE PRODUCTION IN CALIFORNIA
1981-1987

•

1981
1982
1983
1984
1985
1986
1987

Total
Cost
($)
$4,871,617
$6,427,555
$10,010,040
$13,188,400
$15,328,662
$29,548,043
$21,226,914

Total
Product
(lbs)
39956231
50243956
60772619
76517549
76517549
138105715
73264320

$/40lb

$/lb

$4.8770
$5.1171
$6.5885
$6,8943
$6.0666
$8.5581
$11,5892

$.1219
$.1279
$.1647
$.1724
$.1517
$.2140
$.2897
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Annual
Product
(lbs)
70943490
97743850
109814949
109010272
167637630
189116209
218451669

% Cheese
in Sample
56%
51%
55%
70%
60%
73%
34%

Overall, there appears to be both positive and negative aspects to the
expansion of cheese manufacturing in California. California appears to have
a plentiful milk supply, some advantages in raw product costs and
transportation costs and a relatively strong cheese market. However,
relatively high cheese plant costs may curb potential growth somewhat.
According to the SRI report, if expansion is to take place in
California, new plant would probably be best expanded by dairy cooperatives,
because the return on investment for a private firm may be too low to be
economically feasible. Apparently, new plant should also be large enough to
take advantage of economies of size - at least 30-35 million pounds per
year, and if possible up to 50-55 million pounds. However, the most
important parameters to take into consideration appears to be cheese yield,
milk prices and cheese prices. Of these, cheese yield is probably the most
controllable.
Given the higher cheese yields associated with cows other
than Holsteins, there is a possibility that California dairymen may be
encouraged to move toward "colored" breeds rather than expanding their
Holstein operations.
,_

While California may become a substantial force in the U.S. cheese
market in the future, it is unlikely that it will displace Wisconsin and
Minnesota in supplying a major segment of the U.S. cheese market.
California cheese is moving to some western and mid-western states, but
transportation costs are likely to restrain major exporting to the Eastern
states. It is more likely that expansion in California cheese manufacturing
will displace some of the cheese entering California from the mid-west, and
the displaced cheese will find its way east.
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Prevention

of

Dental

Caries

with

Cheese

Charles F. Schachtele, Ph.D.
Professor & Director
Dental Research Institute
School of Dentistry
University of Minnesota
Minneapolis, Minnesota 55455

Dental caries or tooth decay is a disease which involves the interaction of plaque bacteria
living on the surfaces of the teeth with fermentable carbohydrate from foods. The bacteria
convert dietary carbohydrates to acids which cause loss of tooth mineral through a process
called demineralization. Eventually, after repeated acid attacks on the enamel, a carious
lesion develops. In spite of recent news articles emphasizing marked decreases in caries
prevalence it is important to emphasize that this disease is still a major public health
problem in this country. Although we have seen a 30-40% decrease in caries in children
over the last decade there is still a large amount of decay occurring in many individuals.
Another problem which must be considered is a disease called root surface caries. A
frequent consequence of human aging is resorption of the gums with exposure of the
tooth's dentin and cementum to the oral environment. These surfaces are sensitive to plaque
acid and can undergo rapid decay. Some of us in this field of research believe that the
decay which still occurs in human populations can be greatly reduced by appropriate
modification of the human diet.
Historically, dental scientists have been forced to fight the dogma that sucrose rather
than total fermentable carbohydrate is the major dietary cause of this disease. The fixation
on sucrose led to some implied guilt with regard to what foods cause caries. Initially, the
emphasis on sucrose led to proposals for disease prevention involving sucrose reduction,
simply reducing the amount of sucrose in foods, or using a sugar substitute such as
aspartame to replace the sweetness normally provided by sucrose. For numerous reasons

these approaches had limited if any success. What stimulated recent research on diet and
caries was that certain products were incriminated as being bad for the teeth. It was
suggested that products involved in disease should be labeled appropriately and that the
consumer should adjust their utilization. Many product manufacturers felt it was necessary
to clarify the relationship between diet and caries and to determine if there was anything that
could be done to prevent this problem. Dental scientists wanted to know the exact
mechanisms involved in the relationship between diet and caries and if there was anything
that could be done to prevent this problem.
The initial question that was asked of dental scientists was whether or not there were
procedures that could be used to test the contribution of a specific food to dental decay in
humans. Although many people believed they understood what caused caries and what
dietary components were involved, the publication of "super snack" lists was really not
appropriate since they were not based on sound scientific information. A series of model
systems were developed by dental scientists in an attempt to evaluate the cariogenicity of
foods. One model which was fully developed involved using animals to evaluate caries
formation. These studies involved the feeding of specific foods to laboratory animals such
as rats under carefully controlled conditions with an eventual evaluation of the level of
decay which occurred in the animal's teeth. Although a great deal of information has been
gained in such model systems several groups of scientists felt that human models would be
more appropriate for such studies.
Work in our laboratories over the past decade has attempted to use human subjects for
studying the development of caries in humans. We all know that dental plaque accumulates
on the surfaces of teeth and when this plaque is exposed to fermentable carbohydrates or
sugar the plaque produces acid and consequently the pH drops. This decrease in plaque
pH has been evaluated by many methods such as scraping plaque from the teeth and
measuring its pH or touching electrodes directly to the surfaces of the teeth. Since dental
decay normally occurs between the teeth or in the pits and fissures on the biting surfaces of

the teeth we developed technology which allowed us to measure changes in plaque pH, as
an indicator of decay producing potential, in human subjects at sites between the teeth. In
order to make such measurements it was necessary to develop a biotelemetry system where
we could remove a tooth that was in need of repair and replace it with a crown containing a
small microelectrode. This electrode could be attached to appropriate equipment to monitor
the production of acid at sites between the teeth. It is important to summarize some of the
key findings which have been made from the hundreds of biotelemetry runs which have
been performed in human subjects in our laboratories and around the world.
In studies with standardized foods it was demonstrated that between the teeth there is a
rapid and prolonged accumulation of plaque acid. In other words, when the bacteria
between the teeth are supplied with sugar they produce large amounts of acid and the pH
falls. Due to the secluded nature of these sites between the teeth the acid accumulates and
stays there for long periods of time. Thus, the previously suggested short term acid attacks
on teeth after eating were not really valid in the sense that solid foods tended to cause
prolonged retention of acid at sites between the teeth. Some studies have demonstrated that
the time of low pH can be up to three hours. A second major observation adds to the
magnitude of this problem. When numerous foods were tested in the biotelemetry system
it was found that virtually any food which contained even a low amount of fermentable
carbohydrate contributed to plaque acid production. It is now generally accepted by dental
scientists that any solid food which contains a detectable amount of fermentable
carbohydrate can lead to the production of potentially harmful levels of acid at sites between
the teeth. These observations probably explain how plaque bacteria can attack and cause
decay in the bodies hardest tissue, tooth enamel. The attack on the teeth from the "average"
diet is strong and prolonged.
In contrast to these rather unhappy results there were some important positive
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discoveries that were made with regard to food and plaque acid production. Foods such as
certain peanuts, eggs, meats, and popcorn actually did not cause acid to be produced when

they were ingested. Of interest to the current audience was the observation that certain
dairy products and especially specific cheeses did not promote plaque acid production when
they were ingested. Studies in our laboratory have followed the guidelines for food
cariogenicity testing developed at an international consensus conference in 1985 and used
biotelemetry to demonstrate that a wide variety of cheeses are "safe for the teeth".
Hopefully sometime in the near future these products will be labeled appropriately.
Studies with cheese and other dairy products have lead to a series of surprising findings
with regard to the formation of dental caries. Animal studies have clearly shown that when
rats are fed certain cheeses even in the presence of sucrose and other fermentable
carbohydrates the dairy product inhibits the development of decay. This observation could
not really be explained by the inability of cheese to produce acid since plenty of acid was
made by the carbohydrates that were provided. The concept evolved that cheese may have
anticariogenic potential and this area was explored by several means. In work performed in
our laboratory using the interproximal telemetry system it was demonstrated that specific
cheeses were capable of blocking acid production by dental plaque. It was further shown
using glass electrodes at interproximal sites that aged Cheddar, Swiss, and Monterey Jack
were capable of markedly inhibiting plaque acid production. Gouda and Brie, two
additional cheeses, were found to have intermediate blocking effects and two cheeses, Blue
and Mozzarella, were found to have weak effects. These initial observations stimulated a
tremendous amount of research, most of which has been published and most of which
indicates that cheese has anticariogenic potential. In a series of studies we have been able
to demonstrate that certain cheeses actually prevent demineralization of enamel chips in the
human mouth. This may partially explain the ability of certain cheeses to prevent dental
caries. Although at this time there is no specific answer as to why or how cheese prevents
dental caries it is clear that this occurs and these observations have opened the door to
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numerous additional studies. The following table summarizes some of the current ideas on
how cheese may prevent caries.

Components and properties of cheese which could
effect human dental plaque pH and caries formation

Component or property of cheese

Potential mode of action

Lactose, galactose

Fermentation to acid

Calcium

Remineralization, salt
formation
·

Phosphate

Remineralization and
buffering

Proteins (whey protein, casein)

Buffering, reduction in
enamel solubilization

Peptides, amino acids, amines

Buffering via base
production

Lipids (fatty acids)

Oral clearance, antibacterial effects

of fatty acids
Lactic acid

Inhibition of carbohydrate
utilization, dietary acid

Presence of sialogogues (flavor)

Availability of salivary
buffers

Moisture content

Oral clearance, availability of cheese
components

Physical form (consistency and
texture)

Oral clearance,

mechanical stimulation
of saliva flow
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WHAT WILL WE DO WITH ALL THIS BIOTECHNOLOGY IN CHEESE CULTURES?

Susan Harlander, Assistant Professor
Department of Food Science and Nutrition
University of Minnesota, St. Paul, MN

Biotechnology has been broadly defined as a collection of technologies
that employ living organisms, or substances derived from living systems, in
industrial processes. The roots of biotechnology are founded in animal
husbandry, plant breeding, and food fermentation practices that have been
utilized for thousands of years. Biotechnology is not new to the dairy
industry where dairy starter cultures have been and are being used to
produce a host of fermented products including cheese, yogurt, buttermilk
and sour cream.
The discoveries in the 1970s of techniques for splicing and recombining
fragments of DNA from different organisms (recombinant DNA technology or
genetic engineering) serves as the foundation for the new era of modern
biotechnology. Although the term "biotechno 1 ogy" is often thought to be
synonomous with genetic engineering, it, in fact, encompasses a much
broader set of technologies including cell fusion, protein engineering,
enzyme immobilization, bioreactor design and fermentation technology, and
rapid detection systems based on the use of monoclonal antibodies and DNA
probes. To date, the primary industrial focus of biotechnology has been
its use in the development of human pharmaceutical products such as
insulin, growth hormone, interferons, and tissue plasminogen activator
(tPA) produced by genetically engineered microorganisms, and for the
development of diagnostic kits for detecting disease.
However, the
potential for genetically engineering dairy starter cultures with desirable
functional, chemical or nutritional properties is destined to have a major
impact on the dairy industry in the next decade.
This paper will discuss current and potential applications of genetic
engineering to dairy starter cultures.
It will focus on how biotechnology
can be utilized to improve dairy fermentation processes and economics, and
help ensure the safety and improve the nutritional quality of fermented
dairy products.

Genetic Engineering as a Tool
Genetic engineering is a technique used in the laboratory to alter the
hereditary apparatus of a cell (DNA) so that it can produce more or
different chemicals or perform completely new functions.
DNA carries the
code for every characteristic of a living cell.
As illustrated in Figure
1, DNA can be isolated from plant and animal cells, or from another
microbial cell, and cut into small pieces by restriction enzymes which
recognize specific sequences of bases in the 1 ong strands of DNA. These
pieces, some of which code for specific gene products of interest, can be
inserted into c 1 oning vectors derived from bacteria 1 p 1 asmids or
bacteriophages.
The vectors containing passenger DNA can then be
introduced into a dairy starter culture. The cloned fragment of DNA may

Microbial cell
Plant, animal
or microbial
cell
Plasmid DNA

Chromosomal DNA

Isolated
plasmid
vector

Cleaved
Vector

Isolated
passenger
DNA

A..

y

Digestion
with restriction
enzymes

-

c

DNA fragment
containing
desired gene

~NAiigase

0

Recombinant
DNA

Transformation

Engineered
microbial
cell
Figure 1. Gene cloning scheme in a bacterial system. A plasmid vector and passenger
DNA, from plant, animal or 1J1icrobial cells which codes for a specific property of interest,
are isolated and subjected to restriction endonuclease digestion. The cleaved DNAs are
mixed and the single stranded ends are allowed to anneal in the presence of DNA ligase,
an enzyme that is capable of completing the physical joining of DNA molecules. The
recombinant DNA molecules are then transformed into an appropriate host. Transformed
cells are then screened for the ability to produce the gene product of interest. The
appropriate cell can then be grown to produce large quantities of the gene product.

confer new metabolic properties to the transformed cell, or it can code for
a specific protein.
The lactic acid bacteria have been utilized for the production of
fermented foods for thousands of years and are recognized by the U.S. Food
and Drug Administration (FDA) as safe for use in food systems. Within this
group of organisms, individual strains possess characteristics essential
for successful dairy fermentations. Genetic engineering is a powerful tool
for identifying, isolating and combining these desireable properties into
one strain, in essence, "tailor-making" a strain for a specific purpose.
In most cases, the DNA to be inserted into a starter organism comes from
another food-approved organism.
And unlike techniques which utilize
various mutagens to induce random changes in microorganisms, genetic
engineering allows for targeted, specific, controllable and precise changes
to be made.

Impact of Biotechnology on Fermentation Processes and Economics

Phage-resistant starter cultures. The lactic acid bacteria utilized in
dairy fermentations include various species of streptococci and
lactobacilli. These strains ferment lactose, the primary carbohydrate
source in milk, to lactic acid and other endproducts of fermentation that
contribute to the flavor, texture, and keeping quality of cultured dairy
products. Lysis of starter cultures by bacteriophage is a primary cause for
slow acid production and failure of lactic streptococci during dairy
fermentations and results in economic losses to the cheesemaker.
Various techniques to prevent bacteriophage attack have been devised.
These methods include sanitation, use of concentrated cultures, elimination
of the ripening period, use of phage inhibitory media, rotation of
cultures, and use of a blend of multiple strains with different phage
resistance phenotypes. However, these systems invo 1 ve maintenance of a
large number of cultures and phage sensitive strains can eventually develop
which necessitate replacement of one or more of the individual starters in
the blend.
Numerous investigators have demonstrated the association of phage
resistance phenotypes with plasmid DNA in the lactic streptococci.
Mechanisms of plasmid-mediated phage resistance include:
(1) interference
with phage adsorption; (2) restriction/modification systems; and, (3)
abortive phage infection which may include reduced burst size, temperature
effects, and reduced or extended latent periods. Genetic engineering is
currently being used to identify and isolate the gene(s) responsible for
phage resistance.
The ultimate goal is to combine several "cassettes" of
phage resistance mechanisms onto a high copy number plasmid or onto a
genetic element which can be targeted to the chromosome of the recipient
organism. This strain would possess multiple mechanisms for resisting
phage at tack.
Accelerated ripening of cheese. The flavor and texture associated with
a good quality cheddar develops during the ripening or aging process.
During storage the starter organisms slowly lyse in the curd matrix,
releasing cell-associated proteases and lipases.
This process can take
from 12 to 36 months, and results in considerable cost to the cheesemaker.

Attempts have been made to accelerate this process by adding exogenous
non-starter proteases and lipases; however, this technique is riddled with
technical difficulties and not well accepted by the cheesemaker.
A more
natural approach involves the construction or selection of autolytic
starters which are capable of lysing at the cook temperature thus
prematurely releasing the enzymes into the curd. One could then clone
specific proteolytic enzymes into these strains to further accelerate the
ripening process.
In addition to the economic savings due to shorter
storage time, this approach would not alter the cheesemaking process, nor
trigger labeling requirements.

Improving the Organoleptic and Nutritonal Qualities of Fermented Products
Enhancing the flavor and texture of fermented dairy products. Through
genetic engineering, it will be possible to construct starter cultures
which confer unique qualities to fermented products.
For example, it may
be possible to develop cultures capable of producing natural flavor
compounds (peach, banana, berry, citrus) or proteins with intrinsic, noncaloric sweetness properties (aspartame, thaumatin, stevioside), to enhance
the flavor and eliminate the need to add sucrose, during the manufacture of
yogurt or flavored cheese spreads. Construction of strains capable of
producing extracellular polysaccharides would eliminate the need for
addition of stabilizing or thickening agents in yogurt.
Products for lactose-intolerant individuals.
Dairy products serve as
the primary source of calcium in the U.S. diet.
In addition, dairy
products are an excellent source of protein and fat soluble vitamins.
However, a large percentage of the adult population not of Northern
European descent, are unable to metabolize lactose due to a deficiency of
the enzyme, lactase, in the brush border of the gut. Several investigators
have demonstrated that although lactose intolerant individuals are unable
to tolerate milk and certain fermented dairy products, they are able to
consume yogurt without experiencing the typical associated symptoms
(nausea, flatulence, gas).
It has been suggested that the betagalactosidase produced by yogurt starter culture organisms, Streptococcus
thermophilus and Lactobacillus bulgaricus, survives passage through the
stomach and continues to digest the lactose in the gut. Using natural
selection and genetic engineering, it should be possible to select strains
that overproduce the enzyme and create more digestible products for lactose
intolerant individuals.
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Engineering probiotic lactobacilli. Members of the genus Lactobacillus
have been implicated in the enhancement of human health. Lactobacilli are
commensal colonizers of the human and animal gastrointestinal track.
Strains of lactobacilli have been shown to detoxify potential carcinogens;
compounds with anti-tumor activity have been isolated from other strains.
As mentioned above, certain strains produce beta-galactosidase which might
facilitate lactose digestion in less tolerant individuals.
Other enzymes
responsible for digestion of proteins, fats and carbohydrates could be
cloned into lactobacilli to facilitate digestion of these dietary
components in aging or otherwise compromised individuals with digestive
disorders.
One could even fantasize creation of a strain capable of
inhibiting the colonization of pathogenic Bicro-organisms encountered
during travel to foreign countries.
Certain lactobacilli are capable of

metabolizing dietary cholesterol, although the mechanism is not well
understood.
The tissue-specific colonization of these organisms could be
extended into the area of antigen secretion for the purpose of vaccination
against mucosal diseases. The lactobacilli are clearly an exciting group
of organisms with tremendous potential for enhancing the health of mankind.
Ensuring the Safety of Fermented Dairy Products

Inhibition £i pathogens and spoi 1 age organisms. There is increasing
concern in the dairy industry over the emergence of pathogens not
previously associated with fermented dairy products. The identification of
soft Mexican-style cheese as the vehicle of transmission for Listeria
monocytogenes, coupled with the ubiquitous presence of this organism in the
dairy processing plant, has lead to investigations of alternative methods
for controlling potential pathogens in dairy products.
An exciting
alternative which deserves further study takes advantage of the ability of
certain lactic acid bacteria, including members of the genera
Streptococcus, Lactobacillus and Pediococcus, to produce antimicrobial
substances called bacteriocins. Bacteriocins are usually protein in nature
and frequently inhibit only a narrow range of related or closely related
organisms. However, certain of these "natural" antibiotics such as nisin,
which was recently approved by the FDA for use in cheese spreads, is
capable of inhibiting a fairly broad spectrum of potentially pathogenic and
spoilage organisms.
Nisin is just one example of a host of bacteriocins produced by various
members of the lactic acid bacteria. In many cases, these bacteriocins and
the gene(s) which code for immunity to the bacteriocin, are plasmid
mediated.
Some have been demonstrated to inhibit strains of Listeria
monocytogenes. In the future it will be possible to either transfer the
plasmids coding for bacteriocin production and immunity into commercial
starter organisms via conjugation or transformation, or clone the gene(s)
responsible for this phenotype into starters. It would also be desirable
to clone the ability to produce mold and yeast inhibitors into dairy
starters to extend the shelf life of products.
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Rapid detection methods. It is essential that we be able to monitor
fermented dairy products for the presence of pathogenic microorganisms.
Current microbiological methods for emerging pathogens like Listeria
monocytogenes are tedious, time-consuming, opera tor-dependent and
unreliable.
To ensure the safety of dairy products, it is essential that
simple, rapid, sensitive, reliable and reproducible detection methods be
developed. Biotechnology-based detection systems which utilize DNA probes
and monoclonal antibodies are currently being developed and will
revolutionize how we do quality control/quality assurance testing in dairy
processing plants. Reducing current technologies, which require relatively
sophisticated equipment and specialty chemicals and reagents, to dip-stick
methodology, will enhance our ability to detect, identify, quantify,
monitor and epidemiologically track potentially pathogenic microorganisms
on the farm, in the processing plant, in the final product or in the
infected consumer.
So, what will we do with all this biotechnology in cheese cultures?
The boundary will be the limits of our imagination!

•
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Studies on Thermophilic Rod-Coccus Bulk Starter Mediaa
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aPaper presented at 8th Biennial Cheese Industry Conference, Utah State
University, Logan, Utah, August 23-25, 1988

Thermophilic starter media made up of Lactobacillus bulgaricus or
Lactobacillus helveticus and Stre2tococcus thermophilus are used in the
manufacture of Swiss and Italian cheese varieties.

Over a billion pounds of

Italian cheeses are produced in this country each year, about 80% of which is
Mozzarella, the remainder being Ricotta, Provolone, Ramano and Parmesan.

The

proper characteristics of these cheeses depend on wet acid production in the
cheese vat at temperatures around 104°F and therefore the thermophilic rodcoccus cultures must be used.

It is now well-known that these two organisms

grow synergistically, that is, they grow better together than each would grow
alone.

This is because

dioxide and formate.

~

thermophilus initiates growth, produces carbon

Subsequently the lactobacilli are able to grow relying

on the Cl compounds produced by the streptococci.

Lactobacilli are more

proteolytic than the streptococci and so they release free amino acids and
small molecular weight peptides which are important in stimulating the growth
of S. thermophilus.
A variety of commercially available bulk starter media are on the market
today for growing these organisms for use in the manufacture of Italian
,cheeses.

As has taken place for manufacture of cheeses made with mesophilic

starters, thermophilic bulk starter media are gradually replacing the use of
whey or milk as the medium for growing rod-coccus cultures.

A search of the

literature, however, reveals few publications dealing with thermophilic
starters as compared to mesophilic starters.

Part of the reason for this is

that the manufacture of Mozzarella cheese depends as much on the art of
cheesemaking as it does on the science of the process.

Manipulation of

certain cheesemaking parameters such as cooking temperatures and holding times
at different manufacturing phases can be utilized to control the rod-coccus

~

ratios of the final cheese which appears to be important in determining body,

2

yield and moisture retention characteristics.

Just exactly what role the rod-

coccus ratios play in this regard is still somewhat unclear and definition of
this role(s) appears complex, especially since some manufacturers produce
acceptable Mozzarella cheese using only cultures of

~

thermophilus.

Apparently the appropriate balance between rods and cocci, whatever that
may be, is at least important for proper body characteristics in the cheese.
For example, if one has an excess of rods, then the cheese can be too soft and
when it is used on pizza, cooking of the product results in excessive melt
down.

However, if there are insufficient rods and an excess of cocci, the

body of the cheese is too firm and insufficient melt down during pizza cooking
will result.

Obviously large pizza manufacturing companies are very

particular about the melt down characteristics of their cheese and, despite
the recent increase in the cost of casein, if we are to maintain this market
for natural cheese it is important that we be able to manufacture Mozzaerella
cheese with proper body characteristics.
The recent success that we and others have enjoyed in the production of
internally and externally pH controlled bulk starter media for mesophilic
bacteria has led to the research to be described today.

This project concerns

development of improved bulk starter media for the thermophiles.
describe the work that we are doing in three phases.
proteolytic nature of various strains

of~

I will

First of all, the

thermophilus

and~

bulgaricus;

secondly, experiments we've been doing with a computer controlled fermenter to
optimize growth parameters and starter media composition for these organisms;
and finally I will discuss the stability of thermophilic cultures in an
internally-buffered medium, the cultures being prepared in both frozen and

•

freeze-dried states •
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The main form in which thermophilic cultures are supplied to the dairy
industry is as frozen concentrates.

It is of interest to examine these frozen

concentrates for the proportion of viable rods and cocci.

Recently we did

this for ten different commercial direct set bulk starter cultures and found
that, with only one exception, these cultures are made up of about 80% cocci
and 20% rods.

This is not surprising since it is well known that the rods are

much more susceptable to injury and death by freezing and thawing.

No doubt

the rod verses the coccus shaped nature of these organisms has a big influence
on their different abilities to survivie freezing and thawing.

Strain

selection could be important in this phenomenon and certainly there is room
for more research in this area.
In a survey of 9 different

~

thermophiles which we isolated from

commerically available thermophile cultures, results showed that these
organisms are weakly proteolytic.

For example, based on tyrosine released

from milk protein, a maximum of only 15 micrograms of tyrosine was liberated
per ml of milk incubated for 12 hours at 37°C.

For~

bulgaricus however,

tyrosine liberation under the same incubation conditions amounted to 60 to 150
micrograms per ml of milk.

Combinations of the rods and cocci enhanced

tyrosine release and values from 90 to 160 micrograms per ml of milk were
detected in only 4 hours under the same incubation conditions.

These

variations in proteolysis by the rods no doubt are important in cheese-making;
however, to my knowledge the impact of this on cheese quality has never been
studied.

Here at Utah State University, such a study supported by the Dairy

Center has been initiated.

Results of this study will be anticipated with

considerable interest.
About a year ago we purchased a six-station computer-controlled fermenter
for use in developing improved thermophilic bulk starter media.

4

Features

include in-place pasteurization of the medium, followed by programmed
cooling.

After inoculation, desired events at each fermenter station are

programed and a computer graphics print-out of growth and ferementation
results may be called up at any time during the run.

Data are stored on a

disk and then graphs can be generated with plots from all six fermenters on a
single figure.

This fermenter equipment allows us to study the impact of

small variations in media composition, temperature, amount and type of
neutralizer, and other parameters under carefully controlled conditions.

Such

graphs will be shown during the presentation to illustrate how the data
collected from these different types of fermentation experiments are being
used to optimize the composition of a thermophilic starter medium.
We also have been interested in the storage stability of rod-coccus
cultures in media we developed with this approach.

So, as a separate project,

we have been examining types of media that might be used for growing rodcoccus cultures together to prepare them for shipment to cheese plants in a
form that would be more stable.

The rod-coccus cultures were grown in an

internally-buffered medium and tested for the number of cells present as well
as their acid-producing ability.

Tests were done at 0 time and after storage

at 2S°C, S°C and also in a freezer at -40°C.

Cultures were stored for up to

30 days in the unfrozen state and for 8 weeks in the frozen state.

Unfrozen

cultures at S°C (refrigeration) retained most of their activity for 30 days in
the internally-buffered medium and for 7 days at 2S°C (room temperature).
Yogurt could be satisfactorily made using cultures stored for 30 days at S°C
and also when held for S days at 2S°C, followed by 23 days under
refrigeration.

Cultures grown in the internally-buffered medium and then

supplemented with 6% malt extract lost no activity when stored in the frozen

4lt

state (-40°C) for eight weeks.

These findings suggest that thermophiles may

s

be grown in a suitable internally-buffered medium, canned, shipped at ambient
temperatures and stored in dairies for up to 30 days at 5°C (refrigeration)
and used over this time for direct set manufacture of yogurt or to directly
inoculate bulk starter media for cheesemaking.

This process has economic

advantages since about 40% of culture cost is due to the weight of the dry ice
required to maintain them in a frozen state during transport.
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ACCELERATED RIPENING Of CHEESE WITH NO BITTERNESS?
Fred. A. Exterkate,
Netherlands Institute for Dairy Research (NIZO)
The Netherlands.
Introduction

To invent new technologies aimed at accelerated cheese
ripening while retaining all typical characteristics of a
particular type of cheese, a fundamental knowledge of the
microbiological and (bio)chemical changes taking place during
ripening is indispensible. That knowledge makes it possible to
recognize limiting factor(s) with respect to the complex
processes leading to the development of flavour and particularly
to understand the course of bitter peptide formation and
degradation. An argued approach of the problem to accelerate
ripening might have the desired result then.
Controlled proteolysis of the caseins is fundamental to a
well-balanced overall ripening of cheese. The course of protein
degradation and amino acid nitrogen (AN) production in cheese
during the early and late ripening stages and the enzymes of
rennet and starter organisms involved in these processes must
have our special attention. Flavour components may be the direct
products of the action of these proteolytic enzymes but they may
also have

result~d

from precursor compounds, generated by qross

hydrolysis of caseins, which have been further converted. The
balance between all (hitherto unknown) enzymes involved in the
generation of the complex mixture of flavour components, is very
critical in obtaining cheese with the right texture and flavour.
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Proteolytic enzymes of starter streptococci

For a better understanding of the course of casein degradation
in cheese a short survey of the proteolytic system of starter
streptococci and its functioning during growth of the organism in
milk, may be clarifying. This proteolytic system is complex and
efficiently leveled at the degradation of proteins in the growth
medium as the only source of nitrogen and essential amino acids.
Apart from the number of catalytically different enzymes
involved, their location within the cell is also essential. Their
relative location in relation to their specificity with respect
to the size of the substrate, is essential for the effectiveness
of casiin degradati~n and thus for growth of the organism.
Several proteolytic enzymes have been detected, localized and
characterized (1 ). Although we do not have a complete picture yet
concerning this proteolytic system, the enzymes which are known
so far can be regarded as representatives of enzyme systems
localized in different parts of the cell. In this sense they
represent the different stages of the degradation pattern of
casein. Figure 1 demonstrates how we think the cell releases
amino acids from casein during growth in milk. At the periphery
of the cell a proteinase is present which is able to attack
soluble casein in milk to produce peptides. These peptides,
unlike casein molecules, can penetrate the network of the cell
wall to reach specific peptidases located mainly in the membrane
cell wall interface or associated with the membrane (surface) (2,
3) either weakly or as an integral component (4).
It has been suggested that these enzymes are uniquely located to
permit an efficient attuning of r~actions and to direct a
specific pathway of degradation (3). The small peptides and
amino acids resulting from the actions of these peptidases, can
be transported over the membrane and, in case of peptides,
further degraded by intracellular peptidases. This view fits in
with the observation that the initial action of the proteinase is
essential for normal growth (and acid production) in milk.
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Chymosin-directed primary proteolysis is essential to lay the
ground-work for Gouda cheese flavour

Apart from the highly specific action of chymosin on

~casein

which initiates the process of curdling of the milk, the
proteolytic action of chymosin is restricted mainly to the

conversion of a 1-casein in cheese into relatively large
s
.
peptides. In fact, in Gouda cheese the soluble nitrogen (SN)
fraction contains mainly these peptides

ct's -SN) released by
1
the action of chymosin durinq the early phase of ripening (5, 6).
Only a very small amount of PTA-soluble (amino acid) nitrogen
(AN) is liberated by chymosin (7).
At first there is no significant contribution of the starter
cells to the conversion of casein to SN (primary proteolysis).
However, with respect to the production of AN from as -SN in
1
cheese the starter cell provides the enzymes required (7). The
in it i a 1 action of the c e 11 wa 11 proteinase on Q -S N is
s1
essential to this prdcess; only the products resulting from this
~

action can be efficiently converted to AN by the peptidases of
the starter cells (6). The stimulating action of the cell wall
proteinase in the production of AN has been demonstrated with
cheese experiments and with in vitro experiments (6, 8). In
Gouda cheese this process of secondary proteolysis to produce AN
in the SN fraction occurs only at a limited rate (Fig. 2).
The location of enzymes within the cell and thus their
accessibility for substrates is not only essential for efficient
growth in milk. It might also be essential for a specific
degradation pathway of the SN fraction in cheese and thus for
typical flavour development; moreover, it is essential with
respect to bitter flavour development.
Ripening is going through bitterness

Bitter peptides are produced by the action of chymosin on
as 1 -,
and K-casein (13) (Table 1a). A ~-casein specific
cell wall proteinase PI (15) occurring in most starter strains
(9-12) (the so-called "bitter" strains) is the only starter

[3-,
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enzyme also known to be responsible for bitter peptide production
(Table 1b); at relatively high salt concentrations this ability
is reduced (13). A second, genetically related (16) but
·catalytically different cell wall proteinase Pili present in some
("non-bitter") strains (10) has been found to be able to
hydrolyze casein without producing bitter peptides (Table 1b). It
is also unable to remove bitterness from
produced by PI (Table 1e) (13).

bitter

hydrolysates

In cheese the combination of enzyme activities should result
in an accumulation of

~-casein derived bitter peptides since

under the specific conditions of .cheesemaking only the as1 and

#£-casein derived bitter peptides are efficiently removed by

the starter enzymes (Tabel 1a) (Fig. 3). Analysis of the bitter
peptide fractions of cheese confirmed that ~-casein forms the
principal source of bitter peptides in cheese (16).
However, in the absence of salt starter cells,

either from "non-

bitter" or "bitter" strains, are also able to remove ~-casein
derived bitter peptides (Table 1c) indicating that in cheese
apparently salt prevents the access of these bitter peptides to
the (protoplast) enzymes of the starter cell responsible for
their degradation (Table c-d) (16). The role of these protoplast
enzymes in the degradation of ~-casein derived bitter peptides
in cheese has been confirmed (17). Cheeses made with only cell
wall proteinase-positive (= prt+) variants appeared to be
extremely bitter due to excessive production of bitter peptides
from ~-casein by the action the cell wall proteinase and
chymosin. Similar cheesemakings involving the extra addition of
cell wall proteinase negative (prt-) cells resulted in a reduced
bitter flavour intensity indicating that enzymes of the prt
cells

contribute to the degradation of the bitter peptides.

The role of the cell wall proteinase in the degradation of
bitter
f r om

peptides in Gouda cheese is obvious; bitterness produced

as 1 - an d K- c as e i n i s r em o v e d on 1 y i f t h i s en z y me i s

present (Fig. 3). This has been established with cheeses made
with only prt- cells or with a mixture of prt- and

Een NIZO·rapport mag. tenzoj schriftehjk anders is overeengekomen. noch geheel. noch gedeeltelijk worden gepubliceerd. Tenzo1

schr~tteliJk

anders

IS

overeengekomen. aanvaardt het Nederlands lnst•tuut voor Zu•velonderzoek (NIZOJ generle• aansprakelqk:he•d voor de door het tnst•tuut. of 111n personeel.

NIZO-EDE

5

prt+

variants. Prt

-cheeses were extremely bitter; using the

mixtures a significant reduction in bitter flavour intensity
could be achieved even if the percentage prt+ cells was
relatively low.
Therefore, in those types of cheese where chymosin makes an
essential contribution to the process of ripening the use of prt
variants only has a wrong effect not only on overall flavour
development but also with respect to bitterness.
Acceleration of maturation: to take the bitterness with the sweet

The above considerationshave to be taken into account when
attempts are made to accelerate the ripening of cheese. The view
that stimulation of primary casein conversion is .a condition for
increased AN production has been generalized and, without
sufficient experimental evidence, it now appears to be taken for
granted. This misconception and the frequent occurrence of the
defects "bitter" and "soft" in many attempts to accelerate
ripening can be lumped together. It is doubtful whether the above
assumption is valid with respect to each type of cheese. I
suggest that increasing the rate of conversion of cts - SN,
1
formed by the action of chymosin, into AN is one of the most
crucial aspects in enhancing the ripening of Gouda cheese.
The relative activities of a complex set of specific
(proteolytic) enzymes as present in the starter cell is
essential to this and other processes involved in ripening and,
therefore, this complex (proteolytic) system should be
accordingly increased in cheese. This means that, strictly
speaking, only starter cells can be used in order to avoid the
danger of introducing defects resulting from unbalanced reactions
running out of control. The cell wall

proteinase is unique in

this respect because, unlike other exogenous proteinases used
sofar, it can be increased in cheese without direct danger of
cheese softening due to an excessively increased primary
proteolysis; its action is directed mainly towards SN in stead of
(detrimentally) towards casein.
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A ratio prt+ /prt- cells has to be chosen which garantees the
highest possible effect on the rate of AN production; an
excessive increase of prt+ cells in cheese relative to prt

cells

only results in a contribution to bitter peptide accumulation
(unless "non-bitter" strains are selected) without any additional
effect on AN production.
Moreover, with respect to enhancement of authentic ripening,
the preservation of the structural organization of the cell (as
seen even in 5 month old cheese)

(18) may be important for the

typical course of the ripening process;

(proteolytic) enzymes

are likely to remain in their original location even after
(auto)lysis has occurred. The involvement of intracellular
enzymes in early ripening is only limited; stimulation of early
lysis of cells in cheese (if leading to increased accessibility
of intracellular enzymes) or addition of (encapsulated) cell
extracts with the aim to accelerate ripening may cause atypical
consistency and flavour development; on the other hand it may
promote degradation of bitter peptides.
In Cheddar cheese the extent of retention of active chymosin
and the starting conditions for chymosin action are such that
bitterness produced by chymosin apparently plays an inferior
role; in that respect it might allow the use of exclusively prtvariants (19). However, whether primary proteolysis is highly or
less dependent on the initial action of chymosin, flavour
development in the absence of prt+ -variants probably will be
poor because the crucial conversion of

as 1 -SN (and casein) to

stimulate AN production by the concerted action of peptidases,
can not take place.
Conclusions

The following main points can be distilled from the above
reflections on

Gouda cheese ripening:

1. the early phase of ripening, dominated by the preferential
conversion of as 1 -casein to as 1 -SN by the action of chymosin
is fundamental to flavour development, at least in Gouda type
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cheeses. The subsequent complex process of lls

-SN conversion
1
and flavour development catalyzed by the concerted actions of

a variety of (proteolytic) enzymes does not proceed
optimally.

z:

The combination of enzyme activities in cheese results in the
accumulation of ~-casein derived bitter peptides released by
the action of chymosin and cell wall proteinase. Unlike the
cell wall proteinase chymosin produces bitter peptides from

0§ 1 -

and K-casein as well but these are removed by the starter
enzymes. Salt in the cheese prevents the bitter peptides
derived from ~-casein to have access to the enzymes
responsible for their degradation.

3. The initial action of the cell wall proteinase is crucial to
both,lls 1 -SN conversion and bitter removal, and thus for
overall authentic flavour development.
4. Increase of the rate of lls

-SN conversion is basic to the
1
acceleration of ripening. Retention of authentic flavour and

texture is possible only by increasing the proteolytic and
flavour generating potential in cheese in all aspects of its
specificity and of the relative activities of the enzymes
involved viz. by increasing the number of starter cells. The
ratio prt+/prt- cells is important to prevent excessive
primary proteolysis and bitter flavour development by the
action of the cell wall proteinase but at the same time
inducing the highest possible rate of cell wall proteinase
introduced

lls 1 -SN conversion.
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Table 1.
Evaluation of peptide material obtained after incubation of as1-, 13-, x-,
and whole casein (2 %, w/v) or a bitter peptide mixture (100 mg/12.5 ml)
with chymosin, starter cells1, cell wall enzyme(s)2 or protoplast enzymes3.
Reactions conditions: the substrate in 0.2 M sodium acetate buffer,
anaerobically incubated with the enzyme preparation for 14 days at 15 °C.
Enzyme
s;rstem·

NaCl

yield and bitter score4
13Kwhole casein

(Sj/1)

as1-

-Chymosin

40

0.64
(2.6)

1. 26
(2.1)

0.69
(4.0)

-HP-cells

4!)

0.07
(0)

0.44
(3.9)

0.08
(0)

40

0.63
(0.3)

1. 21

0.73
(0.1)

a.

-Chymosin
HP-cells

bitter pept. 5

+

(3.9)

b.
-AM1 cell
wall (Pill)
-HP-cell
wall (PI)
-HP (prt-)
cell wall

0.36

(0.9)

0.50

(2.9)

0.10

(0.3)

0.12
0.23
0.26

(0)
(3.3)
(0.1)

c.
- HP-cells
It

40

- HP protopl.

d.

-HP protopl.
It

-Blank exp.

e.
-AM1 cell
wall (Pill)
- E8 cell wall
-Blank exp.

30

25
53
82

(0)
(1.1)
(3.4)

bitter pept. 6
63
77

79

(2.7)
0.1)
(2.9)
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1. washed cells of S. cremoris strain HP.
2. the supernatants of lysozyme-treated cell suspensions of the strains HP,
AM1, and EB (in 0.5 M sucrose-buffer solution pH 6.5) were dialyzed and
freezedried; the resulting preparations (: cell wall enzyme preparation)
were used.
3. resuspended lysozyme treated cells (see 2) were treated ultrasonically
and centrifuged to obtain the soluble protoplast extract. The 25-35 %
(w/v) ammonium sulfate precipitate contained all extracellular
cell-bound peptidases and possibly intracellular proteolytic enzymes.
4. approximate quantities of freezedried UM-05 retentate in g (resp. mg)
obtained from 2 g of casein (resp. 100 mg of bitterpeptides
). Values
in parentheses are bitter scores:
0 = non-bitter; 1 = slightly bitter; 2 = definitely bitter;
3 =strongly bitter; 4 =very strongly bitter
5. prepared from whole casein after incubation with purified chymosin
(bitter score: 3. 7).
6. prepared from whole casein after incubation with purified cell wall
enzyme
(bitter score: 2. 9).
For more details see ref. 13.
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Fig. 1. Schematic representation of the pathway of casein
degradation by lactic streptococci during growth in
milk.
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A. EARLY RIPENING EVENTS
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of casein
degradation and of amino acid (= PTA-soluble)

nitrogen (AN) production occurring in Gouda cheese
during the early and later stages of the ripening.
The single
arrows indicate the rate-limiting
steps in a normal cheese and the interrupted

(--~-)

arrows less important parallel routes. The enzymes
involved in the different breakdown steps are
indicated with dotted arrows (·······). The phase of
the degradation which offers a reasonable possibility
to accelerate the ripening significantiy by a
technological interference, has also been indicated.
SN = soluble nitrogen (salt-extractable breakdown
products);
IN

= insoluble
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Main routes (double arrows

t>

I

nitrogen (larger breakdown products

not extractable with salt solution) (7).

Een NIZO·rapport mag, tenzij schritteiiJk anders is overeengekomen. noch geheel, noch gedeelteltjk worden gepubliceerd TenziJ schriftei1Jk anders 1s
overeengekomen. aanvaardt het Nederlands lnst1tuut voor Zu1velonderzoek (N!ZOl generlet aansprakelqkhe1d voor de door het lnstttuut. of ZIJn person eel.

1'

10C00.1B~

NIZO-EDE

tJ -casein

a.
fcHYMOSINj

as 1-casein

K-casein

~

bitter peptides
CELL WALL
PROTEINASE

non-bitter
_,_products

b.
asrcasein _.:..,__ _...,..as -SN -~-----~- pre-digested_--L--~-AN
1
as 1-SN
fll.NIZO

Fig 3.

Scheme showing the most relevant contributions of
the cell wall proteinase, the starter peptidases and
chymosin to bitter peptide formation and degradation
(a.) and to amino acid nitrogen (AN) production (b.)
in Gouda cheese. In addition the role of salt with
respect to bitterness is shown .
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ELIMINATION OF AOOLUTINATION IN OOI-l'AGE CIJE&C)E
By

C.L. Hicks and K. Milton
University of Kentucky, Lexington
INTR<DUC'l'ION

Selection of lactic starter cultures which perform satisfactorily in
milk fermentations is a major concern to the cheese manufacturer. Not
only must the starter culture produce sufficient lactic acid to effect
fermentation, it must do so within a reasonable production time frame •.
Factors which affect starter activity and possibly lead to slow or
"dead" vats include bacteriophage, antibiotic residues, sanitizers or
cleaning compounds and natural inhibitors present in milk. Although
bacteriophage is considered the single most important cause of starter
failures, natural inhibitors in milk, such as agglutinins, are
increasingly being recognized for their impact on starter performance.
As naturally-occurring antibodies in milk, agglutinins exhibit strain
specificity for certain lactic streptococci. Agglutinins for
susceptible strains are widespread and present in most or all milk
supplies.
Grainy shattered curd, sediment formation and slow acid production
are problems in cottage cheese manufacturing directly attributed to
agglutination of lactic starter strains. Due to the action of
agglutinins, starter bacteria form aggregates of cells which continue to
produce lactic acid, causing casein to coagulate around them. Dense
bacterial aggregates settle to the bottom of cheese vats as sediment or
become suspended in the milk as it coagulates, giving rise to a grainy
defect in the curd. Agglutination thus causes uneven distribution of
bacteria throughout the cheese milk and, concurrently, uneven acid
production. Consequences of agglutination are inconsistent product
quality and yield losses, both of which translate into decreased profits
for the cheese manufacturer. Minor sludge associated with agglutination
in cottage cheese may routinely be responsible for yield losses of 4 to

•
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8%.

Also, agglutination may be a problem in other cultured dairy

products which use lactic streptococci as starter cultures.
Methods to prevent agglutination in cottage cheese include
adsorption of milk agglutinins onto heat-killed bacteria, heat treatment
of milk for 30 min at 71 C and homogenization of skim milk. Adsorption
of agglutinins by heat-killed bacteria is effective, but not
commercially practical. A pasteurization treatment of 71 C for 30 min
will eliminate agglutinins; however, it is too severe for production of
top quality cottage cheese. Although normal pasteurization (72 C for 16
sec) results in a 50 to 75% decrease in agglutinin titer, sufficient
agglutinins are still present to cause serious defects. Homogenization
of skim milk improves acid production by lactic streptococci; however,
agglutination cannot be prevented entirely in this manner. Because none
of these methods are completely effective in controlling agglutination,
other techniques must be explored.
The first objective of our studies was to determine commercially
feasible methods for prevention of agglutination. Lecithin addition to
bulk culture and(or) homogenization of bulk culture were examined for
their ability to decrease agglutination of a highly susceptible
proteinase-negative lactic streptococcal strain.
Breaking up long culture chains
Lecithin addition

Methods to prevent long-chain cell formation or to break apart the
long chains of cells which characteristically accompany agglutination
problems were evaluated.
Improved growth, lactic acid production and viability of starter
bacteria have been claimed when lecithin at greater than .01% is added
to starter culture media. Other studies have demonstrated increased
cheese yield when lecithin was added to cheese milk prior to
coagulation. Our research found that lecithin increased colony forming
units (CFU) without affecting culture activity. Cultures grown in
lecithin-containing media form shorter chains but produce similar cell

•

numbers to cultures propagated without lecithin.

The effect of adding

of various concentrations (.5, 1.0 and 2.0%) of deoiled lecithin to bulk
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culture was observed on agglutination of ~· cremoris USC 310- inoculated
at 10% into skim milk (starter medium was INSURETM).
pH Measurements.

A pH differential of .8 between the top and bottom

of inoculated skim milk was observed within 1 h for the control (Table
1).

At 3 h the pH differential had increased to 2.0, indicating severe

agglutination problems.

The slight increase in bottom pH seen after 3 h

was possibly due to acid inhibition of the culture accompanied by
diffusion.

All concentrations of added lecithin resulted in a more even

pH development throughout the skim milk.

At 1 h the • 5% lecithin

concentration had prevented agglutination from occurring; however, this
effect diminished with time to result in extensive agglutination at 7 h
(pH differential of .7).

A similar pattern was exhibited by 1.0 and

2.0% lecithin additions, with no increased benefit observed in
preventing agglutination above the .5% concentration.
TABLE 1.

EFFECT OF LECITHIN ON AGGLUTINATION OF STREPTOCOCCUS CREMORIS
310- AS DETERMINED BY PH DIFFERENTIALS BE'IWEEN TOP AND BOTTOM
OF SKIM MILK
pH

Lecithin
concentration
(%)
0.0
0.5
1.0
2.0

lh

3h

5h

7h

Top/bottom Top/bottom Top/bottom Top/bottom Top/bottom
6.2/6.2
5.8/5.7
5.9/5.8
5.8/5.7

Bacterial Enumerations.

6.1/5.3
5.7/5.6
5.8/5.6
5.7/5.5

5.7/3.7
5.0/4.0
5.1/4.0
5.0/4.1

5.6/4.0
5.0/4.0
5.1/4.0
5.0/4.1

5.6/4.0
4.9/4.2
5.0/4.0
4.7/4.0

No differences were observed in counts

between the top and bottom of the skim milk for the control culture at 1
h (Table 2), even though there existed a distinct difference in pH.
Likewise, the 7 h count did not reflect the difference observed in pH
between the top and bottom.

Possible explanations for this include

similar chain numbers of unequal cells in top and bottom samples,

•

improper sampling or inaccurate plating technique.

Counts for the
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control at 3 arrl 5 h differed between top and bottom by 1.0 log10 and
1.24 log10r respectively, concurring with pH differentials.
TABLE 2.

EFFECT OF LECITHIN ON AGGLUTINATION OF STREPTOCOCCUS CREMORIS
310- AS DETERMINED BY BACTERIAL COUNTS
Starter Culture Counta

Lecithin
concentration
(%)
0.0
0.5
1.0
2.0

lh

3h

5h

7h

Top/bottom

Top/bottom

Top/bottom

Top/bottom

7.32/7.32
7.77/7.73
7.72/7.57
7.60/7.76

7.43/8.43
7.87/8.56
7.75/8.48
7.69/8.28

7.36/8.60
7.77/8.79
7.38/8.08
7.36/8.52

7.36/7.59
7.64/8.76
7.81/8.26
7.61/8.88

At 1 h counts for all lecithin concentrations were .3 log10 higher
than the control, supporting previous findings that lecithin increases
CFU. Counts for all lecithin treatments at 1 h also indicated
relatively little sedimentation of bacteria. Data for succeeding hours,
however, showed a greater accumulation of bacteria on the bottoms of the
milk cylinders compared with the tops. This pattern of bacterial
distribution is expected in agglutination and supports the trend seen
with the pH data. After lh a corresponding increase in CFU
differentials was observed as pH differentials increased for lecithin
concentrations of .5 to 2.0%. Little additional protection against
agglutination was obtained by the addition of more than .5% lecithin
(Tables 1 and 2).
Use of a surfactant such as lecithin may contribute to increased CFU
by facilitating chain fragmentation. The increase in lactic counts
(CFU/ml) of lecithin-containing media were due to the presence of an
increased number of shorter bacterial chains, not more cells. A
correlation exists between bacterial chain length and amount of
sedimentation due to agglutination. Longer chains are responsible for
greater aggregation of cells and increased sedimentation rate.
Microscopic observations of skim milk taken from the tops of
8th Biennial Cheese Industry Conference, August 23-25, 1988
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experimental cottage cheese vats which had severe agglutination found
few to no bacterial cells, while slides of the sediment layer on the
bottom of the vats yielded clumps and long chains of cocci (some chains
consisting of over 150 cells). Gram stains of the coagula of successful
cottage cheese vats, on the other hand, showed an even distribution of
short chains and pairs of cocci.
Lactic acid streptococci form long chains or aggregates of cells in
raw milk, while appearing as diplococci or short chains in heated milk.
Lecithin may hinder attachment of agglutinins to starter bacterial cells
by changing or coating antibody binding sites located on cell walls.
Blockage of binding sites would prevent buildup of agglutinins on the
contact areas between cell walls of bacteria, thus allowing easier
separation of cells upon multiplication. Long-chain formation of group
A streptococci may result from the union of M protein of the bacterial
cell wall with its specific antibody. This binding of antigen and
antibody causes interference in action of some enzyme upon its cell wall
substrate, leading to formation of long bacterial chains. Proteinasenegative strains have low surface-bound proteinase activity and are more
susceptible to agglutination due to their inability to break up or
degrade the protein film formed by agglutinin attachment onto their cell
surfaces.
Homogenization of bulk cultures

If agglutination can be prevented or controlled by segmenting long
streptococcal chains into shorter chains or diplococci, then
homogenization might be used to break culture chains into smaller
fragments. An optimal homogenization pressure was sought due to the
likelihood that culture perforrrance would be adversely affected by high
homogenization pressures. Therefore, bulk culture (INSURETM inoculated
with~· cremoris 310- at 10%) was homogenized at 0, 35 (single stage),
106, 176, 246 and 317 kg/cm2 (dual stage; 35 kg/cm2 first stage). Bulk
culture was also homogenized at 176 kg/cm2 and run through the
homogenizer three and six times.
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pH

Measurements.

Control (bulk culture, 0 kg/cm2) skim milk first

showed signs of agglutination at 3 h with a pH differential of .2 (Table
3). Agglutination became more severe as the experiment progressed,
achieving the greatest pH differential at 16.5 h. After that point,
bacteria at the bottom of the milk were acid-inhibited, while bacteria
at the top continued to produce acid. Bottom acid inhibition accounted
for the decreasing pH differential observed at 19 and 21.5 h.
When bulk culture was homogenized, a more even pH was seen
throughout the skim milk implying that shear force had broken apart some
of the long bacterial coains. Homogenization pressure of 35 kg/cm2 was
not sufficient to cause breakage of enough chains to completely prevent
agglutination. The starter culture count (10910 9.06) would also
indicate this to be the case since the CFU/rnl at this pressure were
lower than any other treatment except the control. Culture homogenized
at 176 kgjcrn2(6X), although not exhibiting agglutinatiqn problems,
showed slower acid production than other homogenization treatments.
This was presumably the result of bacterial cell damage, also reflected
in the treatments decreased count (log10 9.41). All other
homogenization treatments (106, 176, 246, 317 and 176 kg/crn2(3X))
prevented agglutination of starter bacteria and showed sirnilar acid
production.
A count of log10 8.55 was observed in
control skim milk to which unhornogenized bulk culture was added (Table
3). Any homogenization pressure applied to bulk culture resulted in an
increase in culture count. Shear force was apparently successful in
breaking apart longer bacterial chains. A steady increase in CFU/ml was
seen up to 176 kgjcm2. Pressures higher than 176 kg/crn2 (with skim milk
passing through the homogenizer once) resulted in sufficient damage to
starter bacterial cells that number of additional chain breaks was less
than cells ruptured or destroyed. A count of log10 9.50 was obtained
for culture homogenized at 176 kg/em2(3X) which was equivalent to the
count obtained by a single pass at 176 kg/cm2. A pressure of 176 kg/cm2
Bacterial Enumerations.

was chosen as the optimal homogenization treatment of bulk culture
8th Biennial Cheese Industry Conference, August 23-25, 1988
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cremoris 310- since it was the simplest procedure resulting in the
greatest count (10910 9.50).
Effect of Lecithin and Homogenization.
The effects of deoiled lecithin addition and homogenization of bulk
culture on agglutination were observed; therefore, further research was
conducted to determdne their combined effects. In this study, an
optimum pressure of 176 kgjcm2 was used in the homogenization of bulk
culture (INSURETM inoculated with ~· crernoris 310- at 10%) which had

been grown in the presence of 0, .5, 1.0 and 2.0% lecithin.
A top/bottom pH differential of .8 occurred in the
control mdlk (unhomogenized culture, no lecithin addition) within 1 h,
indicating severe agglutination (Table 4). By the third hour a pH
differential of 2.0 had been reached, indicating extreme agglutination
problems. In the fifth and seventh hours bottom organisms were acid
inhibited and upward diffusion of the bottom acid layer occurred, as
indicated by a slight elevation in pH of the sludge layer.
pH Measurements.

TABLE 4.

EFFECI' OF BULK CULTURE HOMOGENIZATION AND LECITHIN ON
AGGLUTINATION OF STREPTOCOCCUS CREMORIS 310- AS DETERMINED BY
PH DIFFERENTIALS BETWEEN TOP AND BOTTOM OF SKIM MILK
pH

5h
7h
0h
lh
3h
Lecithin
concentration - - - - - - - - - - - - - - - - - - - - - - - - (%)
Topjbottom,Top/bottom Top/bottom Top/bottom Top/bottom
0.0
0.0a
0.5a
1.0a
2.0a

6.2/6.2
6.1/6.0
5.9/5.8
5.9/5.8
6.0/5.8

6.1/5.3
6.1/5.9
5.9/5.7
5.8/5.6
5.8/5.7

5.7/3.7
5.4/5.3
5.4/5.1
5.3/5.2
5.2/5.0

5.6/4.0
5.3/5.2
5.0/4.9
4.9/4.8
4.9/4.8

5.6/4.0
5.0/4.9
4.9/4.8
4.9/4.8
4.9/4.7

aHomogenized at 176 kg/cm 2
The secondary control (homogenized culture, no lecithin addition)
showed homogenization alone to be effective in preventing agglutination.
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When cultures grown in lecithin-containing media were homogenized,
similar pH results were obtained for both top and bottom samples.
However, lecithin did not appear to impart additional protection to
agglutination when compared with cultures which had been only
homogenized, as monitored by top/bottom pH differentials. The pH of
skim milk inoculated with culture grown in lecithin and then homogenized
decreased at a slightly faster rate than skim milk inoculated with
homogenized-only culture. Since the rate of acid production in skim
milk was equal for all cultures grown in lecithin-containing media, the
.5% lecithin-containing medium was deemed optimal.
Bacterial Enumerations. The ability of homogenization to
effectively prevent agglutination is again illustrated in Table 5. The
1 h counts of homogenized cultures were .9 log10 greater than the
control whereas the cultures contained which had been homogenized and
grown in lecithin media were over 1 log10 greater than the control.
Although lecithin increased the count approximately .1 log10r the effect
was less than expected since initial study showed lecithin to increase
counts approximately .3 log10· Lecithin may contribute to increased
counts by coating surfaces of bacterial cells and thereby impeding the
binding of agglutinins. Greater chain fragmentation, as well as
decreased aggregation of cells, would result. Although no increased
benefit in controlling agglutination was seen by culture grown in
lecithin medium above .5%, slightly higher counts were achieved with the
1 and 2% lecithin-containing media. These trends substantiate the pH
data (Table 4) •

•
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TABLE 5.

EFFECT OF BULK CULTURE HO~GENIZATION AND LECITHIN ON
AGGLUTINATION OF STREPTOCOCCUS CREMORIS 310- AS DETERMINED BY
BACTERIAL COUNTS
Starter culture counta

Lecithin
concentration
(%)

lh

3h

5h

7h

Top/bottom

Top/bottom

Top/bottom

Top/bottom

0.0
0.0b
0.5b
1.0b
2.0b

7.32/7.32
8.20/8.20
8.36/8.32
8.43/8.32
8.40/8.38

7.43/8.43
8.23/8.15
8.40/8.46
8.38/8.36
8.38/8.36

7.36/8.60
8.26/8.18
8.32/8.32
8.38/8.23
8.50/8.43

7.36/7.59
8.18/8.15
8.41/8.38
8.28/8.36
8.30/8.32

aLog 10 CFU/ml
'briorrogenized at 176 kg/cm2
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"FERMENTATION DERIVED CALF CHYMOSIN - PRODUCT DEVELOPMENT AND IDENTITY"
by L. F. Wright
Department of Molecular Genetics
Pfizer Central Research

Historically, that is in the last ten years, the price of calf rennet has
been subject to wild seasonal and year-by-year fluctuations.

In the same

time frame there has been a steady decrease in the availability of high
quality calf vels, the starting point for the production of rennet.

With

this trend likely to continue and no slack in demand for high chymosin
rennet, the scene was set for chymosin to become an attractive target for
cloning when genetic engineering came of age in the late 1970s.

Thus, in

1980 several biotechnology companies initiated recombinant DNA chymosin
projects.

Pfizer was amongst those companies.

The elements of the subs-

equent research and development program which I am going to discuss today
are: the development of a chymosin production process and, studies of the
structural and functional identity of rONA-derived chymosin in direct
comparison with chymosin from calf rennet.
Ever since the Asilomar conference of 1975, molecular geneticists have
been touting a number of favorite hosts for molecular cloning work. A few
of these are listed on this slide and some have already found favor 1n the
production of commercially useful proteins.

Of the various organisms

available as hosts for our R.DNA efforts, we chose
and we did so for the following reasons:

Escherichia~

K-12,

a 50 year history of safe use;

non-pathogenicity; the superior level of understanding of its chemistry
and biology at the intact cell level and, also, at the molecular level;
the availability of many different molecular cloning vehicles for

f.~

K-12 in the early days of the project; and its exempt status in the NIH,s

•

Recombinant DNA Guidelines.

Of course it is always nice to have a choice

of this kind vindicated by later events, so we are pleased that

g. coli

K-12 is now approved by FDA for the large scale production of recombinantderived insulin, interferon and pituitary growth hormone and furthermore

- 2 that the Director· of NIH has declared that containment measures for

~

recombinant strains of~ coli in large scale operation need be no greater
than for the unmodified host strain.
I would not want you to be misled, however, into thinking that working
with£. coli K-12 was a bed of roses, since like others we encountered
a number of technical problems in the expression of foreign proteins in
this organism.

We will deal with a few of the problems and how we over-

came them as we proceed.
To deal with the issue of our expression vector for prochymosin production
I would like to show only this one molecular genetic slide.
prochymosin expression plasmid, called pPFZ87A.
eresting features.

It shows our

This has a number of int-

The plasmid is composed of three distinct regions,

each one critical to the proper functioning of the expression system.

The

expression unit comprises the E. coli trp promoter, a proprietary ribosome
binding site (important to the prochymosin expression level achieved in
our host strain) and the translation initiation codon ATG.

This promoter

region drives the prochymosin coding sequence (the structural gene) which
is a nature identical polynucleotide sequence made by phosphoramidite
coupling chemistry in an automated DNA synthesizer.

These two units are

circularized into a viable expression plasmid by connection at either end
to a third section -a portion of the non-conjugative plasmid pBR322.
This section contains a replication origin, information controlling
plasmid copy number and an antibiotic resistance gene to allow us to
track the plasmid and to provide a selectable marker for transformation
work.

The key features of the intact plasmid are firstly that its entire

nucleotide sequence is known to us, and second that in combination with
our~-

coli K-12 host strain it is an extremely stable genetic entity.

It does not require antibiotic selection pressure to be maintained in the
cell and has been shown to be stably inherited
through 100 generations.

by~-

coli progeny cells

The expression level of prochymosin using this.

plasmid is between 15% and 20% of cellular protein, which is significant
but now commonplace in the industry.

It is not expression level that is
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the magic ingredient for development of an economic process, but as I will
~

go on to say later, expression level and rate could be important in terms
of their effects on recoverability of heterologous proteins.
Now I would like to outline for you the process which has been developed
to use our host/plasmid combination in the production of prochymosin.
The key elements of the process are fermentation, recovery and finishing.
Although a great deal of creative work went into fermentation development
I will spend no time discussing it.
finishing steps.

I will similarly omit detail on the

Both of these operational units involve straightforward

technologies which are well described in the literature or may already be
familiar to you.

The majority of this segment of the talk will deal with

the recovery process since it is there, I believe, that our work in Pfizer
can be most clearly distinguished from the work of others.
It is my assertion that economy of production for chymosin made by E. coli
1s won or lost at the recovery level.

The reason for this can almost cer-

tainly be ascribed to the "inclusion body" phenomenon.

In many cases,

when a heterologous protein is expressed in large quantities in f. £Q!l,
the protein forms a refractile, insoluble aggregate.

The key challenge

that faced air those who participated in a rONA-derived chymosin project
was how to recover, with significant yields, biologically active protein
from inclusion bodies.

What is required is a solution which is acceptable

both to protein biochemists (in terms of integrity of the molecule) and
to biochemical engineers (in terms of yield and concomitant process

economics).

Let me explore with you the general approach of the majority

of researchers to this problem in 1982/1983.

Here, I paraphrase the

thinking of that time.
~.coli

•

makes no protein molecule containing cystine disulfide bonds.

Protein synthesis

in~.

coli is conducted in a low redox potential

environment- a reducing environment.

Therefore, g. coli can not fold

proteins with disulfides - hence, an inclusion body is scrambled protein.
Looking at the rationale a little more scientifically, it was assumed
th~t

the cvsteine residues of protein molecules in the inclusion bodv had

- 4 free sulfhydryl groups.

Thus when the bacterial cell was opened to

release the inclusion body and the protein released into solution (an
oxidizing environment), the cysteine residues would freely shuffle and
form random disulfides.

This exchange could occur both intra- and inter-

molecularly and the result would be protein (or in this case prochymosin)
garbage.
The almost universal approach to solving the problem in 1983 was to
completely solubilize and denature the protein of an inclusion body (6M
guanidine hydrochloride, detergents), oxidize (sulfitolysis) the
cysteine residues, dilute to about 1 milligram/liter

co~centration

(to

reverse the concentration dependent effect of the denaturant), reduce
the cysteine sulfoxides with mercaptoethanol, and then slowly in the
presence of reduced and oxidized glutathione at the correct molar ratio,
and at the correct pH allow the protein to refold and form the correct
disulfide bonds.
It takes neither a protein chemist nor a process engineer to predict
the likely outcome of trying to find one's way through such a maze of
variables.

In addition, the literature describes that in all but a few

cases (ribonuclease for example) applying this kind of procedure to a
protein results in major non-reversible denaturation.

To cut a long story

short, the results in practice that many researchers obtained were;
approximately

1~

recovery yields and massive water inventory (dilute

streams) in the processes that were projected.

Small wonder that many

groups who adopted and slavishly followed this approach reported
technical success ("We recovered biologically active material that
clotted milk") but commercial failure ("Prochymosin can not be made
economically in E. coli").
~

Now, I would like you to consider an alternate hypothesis as to the
nature of heterologous protein or prochymosin structure in an inclusion
body.

It is a given that protein folding is a complex kinetic and

thermodynamic process.

However, all living eel Is are accustomed to

- 5 making large quantities of proteins.

The overall increase in total

protein made during heterologous protein synthesis is small.
should~·

Why then

coli suddenly be foxed by a protein that it is not acquainted

with? The expert protein biochemists say that the folding of a protein
is determined by the amino acid sequence of the molecule and the inherent
propensity of that amino acid sequence to fold.

Two other factors are

important to our hypothesis: namely it is known with some confidence that
disulfide bond formation is one of the final events in folding - that the
three-dimensional

structur~

is already in place and that the disulfides

form to hold strands of the protein chain in the correct orientation and
that proteins have no disulfide bonds and their structures are comparbly
stable to those that have.

Here then is our alternate hypothesis.

Suppose that many of the prochymosin molecules made by E.

~

are folded

correctly (simply through prochymosin's natural propensity to fold), but
that there is one major difference to the natural molecule - that the
disulfides have not finally coupled together.

The cysteines and their

free sulfhydryls are poised in close proximity ready to couple if exposed
briefly to an oxidizing environment.
1

quasi-native 1 prochymosin.

I would like to call these molecules

Also, because of the rush of prochymosin

molecules being synthesized at the ribosome there may be some misfolding
and indeed some entwining of protein chains that are trying to fold in
very close proximity to each other.

Therefore we can postulate that the

inclusion body is a mixture of "quasi-native" prochymosin molecules,
non-native molecules and molecular aggregates.

It follows then that the

objective of a recovery process could be to maximize the recovery of the
"quasi-native" fraction.

So, let us say that we have established that

there may be a different theoretical basis (from that propounded by
others) for recovering proteins from inclusion bodies.

Further, we could

project that developing practical methods based on this theory may lead
to more attractive recovery process economics.
Returning for a moment to my earlier thought that expression level could
perhaps have an effect on recoverability of prochymosin.

We have found
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that it may be Jess important to have a blockbuster expression unit, than
it is to have a plasmid/host combination which maximizes the amount of
prochymosin made in the "quasi-native" state.
a promoter may work against recovery yield.

Having too powerful
Researchers at Boehringer

Mannheim have reported similar results with expression of tissue plasminogen activator

in~.

coli.

that t-PA can not be made

As with prochymosin, many authors proclaimed
in~.

coli.

The Boehringer workers have used

a low copy number plasmid which may possibly permit protein expression
at rates which allow folding to occur before molecular entanglement or
cysteine sulfhydryl misalignment occurs.
It should be noted that most recovery processes at the end-point of
chromatography deliver prochymosin in solution.
stomachs similarly provides prochymosin.

Extraction of calf

This is then activated .by acid

treatment to cleave off the 42-amino acid propeptide yielding the active
enzyme chymosin.

We use the identical process for activating prochymosin

produced in£. coli.

This procedure is described in the literature by

Ernstrom, Foltmann and others and will be well known to you.

I will not

therefore discuss it further.
I would like to conclude the process aspect of my talk and spend the last
few minutes addressing another subject - the analytical biochemistry and
functionality testing which we have done to verify the identity of fermentation-derived chymosin with that made in the calf stomach.
allele chosen for our program was chymosin A.

The chymosin

This variant of the enzyme

differs from its other natural allele, chymosin B, by a single amino acid
at residue 286; in chymosin A the amino acid is aspartic acid, in chymosin
B this is glycine.

Both allelic variants are found in calves throughout

the world, but each individual calf will have only one kind of the allele,
either as the gene for chymosin A or the gene for chymosin B.

Therefore,

as far as the calf is concerned, (and as far as the cheese-maker is concerned) there is no question of any functional difference.

Interestingly,

however, c~mosin A has a specific activity for kappa-casein about 15% to
f

20% higher than chymosin B.

The distribution of chymosin A and B' in calf

- 7 rennet reflects the natural proportion of the A and B genes in calves, and
this is about

4~

A and

6~

B.

When a chymosin gene is cloned the tissue

used comes from one calf stomach and therefore one obtains either an A or
a B gene, but not both.

Recombinant-derived chymosin thus contains one of

the two protein species but not both as in calf rennet.

To continue with

the story on identity of calf and recombinant chymosin A the methods
used to prepare pure chymosin from calf tissue were those developed by
Bent Foltmann of the University of Copenhagen, whom you will know as a
recognized expert in the field of aspartyl proteases in general and
chymosin in particular.

These methods are reported in the literature.

Having pure samples of chymosin from calf tissue and

from~·

coli in

hand we conducted the following studies.
I do not propose to describe each one of these criteria of identity in

turn but I would like to highlight one or two techniques from each of
the information categories that we used in structural identification of
recombinant-derived chymosin.

Firstly, in the category of physical and

chemical properties I will show some data on HPLC behaviour of chymosins
in side-by-side comparison.

Then I will show the results of some of our

peptide mapping studies which demonstrate structural identity, and lastly
I will describe kinetic specificity data relating to functionality of the

enzymes from E. coli and from calf.
So first the anion exchange chromatography.
from~·

Here samples of chymosin

coli and calf have been chromatographed on a DEAE anion-exchange

column with 0.25M phosphate buffer containing 0.2M NaCI as mobile phase.
The elution profiles that we obtained are shown.

You can see that the

elution profile (time/shape) of rONA-derived chymosin A matches precisely
the chymosin A peak in calf rennet samples.

This behaviour has been

demonstrated on several other HPLC systems.
Next I would like to show the results of two separate peptide mapping
studies.

First the protein samples were treated with cyanogen bromide

which selectively cleaves the protein backbone after methionine residues.
Since chymosin has 8 methionines, two of which are adjacent, we would
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expect 8 peptides.

When these were subjected to HPLC the following

elution profiles were recorded.

The maps were very clean and clearly

showed identity of the chymosin samples. All but one of peptides were
isolated from the chromatography and subjected to automated amino acid
sequencing.

The residues were found to be congruent with known sequence

segments of chymosin A.
Similarly, the proteins were treated with trypsin which cleaves after
basic residues (arginine, lysine).

The resulting solution of peptides

were chromatographed and shown to be identical.

Once again several of the

peptides were recovered and found to have sequences which agreed with
known regions of authentic chymosin amino acid sequence.
Now it is arguable that the key determinant of the three-dimensional
geometry of a protein is whether its kinetic behaviour in a functional
assay is correct.

And, since chymosin has been studied extensively by

Foltmann and others for many years the kinetics of the enzyme are well
known.

We subjected the calf and recombinant derived chymosins to a

chromophoric substrate assay, where a synthetic hexapeptide containing
the chromophore is cleaved by the enzyme producing a change in absorbance
at 310nm.

This shows Lineweaver-Burke plot for the reactions with the

peptide substrate.

The Km and Vmax of recombinant-derived and calf

chymosin were essentially identical.
So much for biochemistry, and the proofs of identity of£. coli derived
chymosin and calf chymosin are unequivocal.

As a concluding act to the

structural identity work, samples of recombinant chymosin have been used
by Professor Tom Blundell of Birkbeck College, London to make X-ray quality chymosin crystals.

X-ray diffraction analysis at a resolution of

2.4 Angstroms revealed the following three-dimensional atomic structure
~

for E. coli chymosin, and this could not be distinguished from the X-ray
structure of calf chymosin (slide used with Tom Blundell's permission).
You may sti II ask, "Does

the~.

coli chymosin make good cheese?"

Over

the past two and a half years our product has been tested in cheese
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making trials at universities, in commercial cheese plants, 1n normal
aging and accelerated aging mode, with seasonal differences 1n milk, 1n
different cheese varieties and in this country and abroad.

In all

respects, and the cheese has been evaluated by cheese experts all over
the country, the cheeses made have been indistinguishable from cheese
made with calf rennet controls.
We have concluded that the evidence is overwhelming, and we believe that
regulatory authorities and the industry will agree that fermentationderived chymosin is identical to the enzyme made in calf stomach.
In a way that is no surprise to a molecular geneticist.

Nature,s own

chemistry is at work in the production of the molecule.

We have provided

nature,s own template for prochymosin synthesis (the prochymosin gene)
to a microbial cell.

The cellular machinery that processes that inform-

ation to make the protein is functionally identical to the machinery
used for that same task in the abomasal cell of a calf.

The protein

products of transcription of the gene and translation of the message
at the amino acid sequence level are structurally and functionally
identical.
There are one or two differences between calf rennet and chymosin differences which I believe the industry will be excited about.
IS

Chymosin

a purer, better characterized, readily available, consistent-in-

quality product where the active ingredient is 100% chymosin.

This

product (since it is undiluted with other protein contaminants or lower
activity chymosin species) will give more "bang for the buck".

And we

be I ieve that it can be produced econom i ca I I y in _g_. co I i , s i nee as most of
you know we are building a manufacturing plant in Terre Haute, IN based

~

on

£.

co I i techno I ogy .

Finally, I would like to acknowledge the work of the many researchers
in the chymosin team at Pfizer, whose work I have described or paraphrased
here, without whom this success story would not have been possible.

•

•
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THE ROLE OF COAGULATING ENZYMES IN THE
CURING AND COST OF CHEDDAR CHEESE

c. A. Ernstrom
Utah state University
and
National Dairy Promotion and Research Board

8th Biennial Cheese Industry Conference
Utah State University
August 23-25, 1988

With a choice of milk-clotting enzymes available to cheese
makers, selecting a coagulant that will give the best results at
the least cost is always a matter of concern. Commercial single
strength coagulants are not only different, but vary
substantially in cost from about $58.00 per gallon for calf
rennet to $14.00 per gallon for porcine (pig) pepsin.
There are literally thousands of different proteolytic enzymes in
nature, and most of them will coagulate milk if conditions are
right. However, very few have proved suitable for cheese making.
Most are simply too proteolytic or have too much proteindigesting activity to make good coagulants for the cheese
industry.

Slightly Proteolytic

,
'

nd~

4~;

\

J

Very Proteolytic

Slide 1
Slide 1 illustrates the difference between enzymes with high and
low proteolytic activity against a protein molecule. Enzymes

•
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with limited proteolytic activity can only attack a given protein
at specific points as illustrated in the top diagram. Enzymes
that are highly proteolytic can attack a protein molecule at many
points resulting in the splitting of many fragments from the
protein chain.

MILK CLOTTING ENZYMES
o Chymosin

(calf rennin)

o Porcine Pepsin

(pig stomach)

0

Bovine Pepsin

(adult cattle stomach)

0

Muchor miehei

(fungal)

0

Muchor pusillus var. Lindt

(fungal)

Slide 2
The enzymes I would like to consider in this discussion include:
1.
2.
3.
4.
5.

Chymosin (calf rennet)
Porcine pepsin (pig stomach)
Bovine pepsin (adult cattle stomach)
Mucor miehei (fungal)
Mucor pusillus var Lindt (fungal)

Numerous studies by many workers throughout the world have
established that the pepsins (both porcine and bovine) as well as
both Mucor fungal coagulants are more proteolytic than chymosin.
Chymosin is highly specific in its action at one specific point
on kappa casein. It will attack other points in casein, but it
does so very slowly over a period of time. During the setting of

•
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milk and subsequent curd formation, the specific action on
~-casein is the only one of any consequence.
Of concern to the cheese maker is (a) does the coagulant give a
good set in the correct time frame? (b) What is the cost?
(c) How does it affect cheese yield? and (d) How does it
affect body and flavor development during curing?
Since calf rennet has been a successful coagulant for many years,
the performance of other coagulants is usually compared with that
·of chymosin.
The ability of a milk clotting enzyme to affect yield is
determined by its proteolytic action in the milk between setting
and whey draining. If the enzyme is highly active, more protein
fragments are cleaved from casein and end up in the whey.
Therefore, less casein is available to form curd. Under the best
of circumstances, the amount of enzymatic cleavage of kappa
casein necessary to induce milk clotting causes a loss of about
4-5% of the casein. Any proteolysis beyond that minimum is
undesirable and can result in reduced yields.
After the whey and curd are separated, the amount of proteolytic
activity that continues cannot affect yield, but it can affect
protein digestion during cheese curing with its concurrent effect
on body and flavor. The amount and kind of proteolytic activity
caused by milk clotting enzymes during cheese curing depends not
only on the proteolytic activity of the enzymes but on how much
enzyme is actually retained by the curd and how long it remains
active during cheese curing. For example, an enzyme may be quite
proteolytic, but if very little is left in the cheese it can
still serve as a useful coagulant. Of additional importance is
whether the action of the residual enzyme in the curd is
beneficial, or detrimental to cheese quality. I have already
indicated that of the thousands of proteolytic enzymes tested for
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use as clotting agents, only a few have been useful. Most were
too proteolytic and caused low yield, soft body and extreme
bitterness.
Emmons (1) carefully measured the nitrogen content of whey from
Cheddar cheese set with calf rennet, bovine pepsin and several
microb.ial coagulants including mucor miehei and mucor pus ill us. He
then converted these values to estimated cheese equivalents to
determine how much cheese loss they represented. His results
suggested that the unmodified fungal coagulants caused about 2/3%
loss of yield compared to calf rennet, and that yield losses due
to bovine pepsin were only slightly less than those caused by the
fungal enzymes.
Yield losses due to enzyme coagulants also were determined by
Sellars (3) from actual cheese making experiments. His results
are given in Slide 3.

CHEDDAR CHEESE YIELDS
At 36% Moisture
Percent Loss

Percent

Percent of Calf

Calf

9.947

100.00

Bovine

9.909

99.62

0.38

50/50

9.907

99.60

0.40

M. Miehei

9.847

99.00

1.00

B. Pepsin

9.838

98.90

1.10

.Enzyme

R.L. Sellars. Cheese Conference Utah State U. 1982.

Slide 3
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In this case, both bovine pepsin and the mucor miehei enzymes
resulted in about 1% yield loss compared to chymosin (calf
rennet).
Let us use the most conservative figures (Emmons) of 2/3% yield
loss attributed to microbial rennet. With a usage of 3 oz. per
1000 pounds of milk, one gallon of calf rennet or microbial
rennet would set 42,700 pounds of milk. If we assume a yield
(calf rennet) of 9.75%, one could expect 27.9 pounds less
cheese by using microbial rennet than by using calf chymosin. At
a cheese price of $1.15 per pound, this would be a loss of
$32.07. In other words, a cheese plant could afford to pay
$32.07 per gallon more for high-chymosin calf rennet than for
fungal rennet of the same strength. It is interesting how close
this comes to the actual difference in current price between
these products ($58 for calf rennet, $24.75 for fungal
coagulant).
If Sellars' figures are used, differences in value are even
greater and apply to bovine pepsin as well as fungal rennet.
With 1% loss attributed to these enzymes, one could afford to pay
$47.88 more per gallon of high-chymosin calf rennet than for
fungal rennet or bovine pepsin of the same strength.
These yield values are based on the original unmodified fungal
enzymes. I know of no published data on differences between the
modified and unmodified enzymes with respect to proteolytic
activity and cheese yield. The modification process was designed
to make the enzymes more heat labile rather than affect their
proteolytic specificity. Therefore, until more information is
available about the modified products, we can only assume their
action to be similar to the unmodified product.

5

Aside from effects on yield, what can we say about the role of
milk clotting enzymes during cheese curing? The first question I
would like to address is how much of the various enzymes actually
stay in the cheese and how long do they remain active?
Recent studies conducted in our laboratory by Yiadom-Farkye (4)
involved the manufacture of triplicate lots of Cheddar cheese
made with several milk clotting enzymes in conjunction with a
widely used commercial culture. Some lots were set with normal
levels of coagulant equivalent to 3 o.z. commercial rennet per
1000 pounds of milk. In others, the milk was acidified to pH 6.2
with hydrochloric acid prior to setting with reduced levels of
coagulant to try to maintain about a 30-minute setting time. All
cheese was cooked to 102•F. and made by the 4.25 hour Cheddar
process. The cheese was tested for residual enzyme activity at
one day, five months and nine months of age.

Percent recovery of residual milk-clotting enzyme in cheese

RecQverv at

Treatment
Milk-cloning
enzyme

Porcine pepsin
Porcine pepsin
2x Porcine pepsin
3x Porcine pepsin
Chymosin
Bovine pepsin
Bovine pepsin
M. miehei protease
M. puss/Ius protease

Setting pH

6.6
6.2
6.2
6.2
6.6
6.2
6.6
6.6
6.6

1 day

5mo

9mo

(%)

(%)

(%)

0
4.0
3.5
4.9

5.9
1.4

Slide 4
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0
4.0
3.1
4.7
5.4
1.1

.8

.8

1.9
1.5

1.7
1.6

0
3.5
3.1
4.4

5.0

1.1
.7
1.7
1.5

Results shown in Slide 4 show the percentage of enzyme activity
added to the vat that actually ended up in the cheese. When milk
at pH 6.6 was set with porcine pepsin, there was no activity that
survived cheese making. When set at pH 6.2, about 4% of the
activity survived in the cheese even though only between 1/6 and
1/7 the normal amount was added to the vat. As the usage level
increased, the per cent retained by the cheese did not increase
much but the actual activities per kilogram of cheese increased
substantially.
Activity of residual milk-clotting enzyme in cheese

Activitv in cheese at ...

Treaonent
Milk-clotting
enzyme

Setting pH

lday

5mo

9mo

-------------R U./kg cheese----------Porcine pepsin
Porcine pepsin
2x Porcine pepsin
3x Porcine pepsin
Chymosin
Bovine pepsin
Bovine pepsin
M. miehei protease
M. pusillus protease

6.6
6.2
6.2
6.2
6.6
6.2

0
.9±.2
1.6 ± .4
3.3 ± .6
8.5 ± .7
.8±.2
1.2 ± .3
2.9 ± .5
2.4 ± .1

6.6

6.6
. 6.6

0

.9±.1
1.4 ± .3
3.2 ± .4
7.9 ± .4
.6±.2
1.2 ± .5
2.6± .2

2.5 ± .2

0

.8±.1
1.4 ± .2
3.0± .2
7.4±5

.6 ± .t"

1.1 ± .2
2.7 ± .3
2.4±.2

Slide 5
Slide 5 shows the same data as Slide 4 translated into residual
milk clotting units of enzyme per kilogram of cheese.
About 6% of the chymosin added to normal milk remained in the
curd which represented 8.5 clotting units per kilogram of cheese.
The amount of bovine pepsin in cheese set at pH 6.6 was about 8%
of the original or 1.2 clotting units per kg. cheese. When set
at pH 6.2, retention in the curd was 1.4% and .8 clotting
unitsjkg curd (less was used at pH 6.2). The fungal enzymes were
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poorly retained. Only 1.9 and 1.5% of Mucor miehei and Mucor
pusillus enzymes end up in the curd.
This represented 2.9 and 2.4
clotting units of activity per kilogram of cheese.
Whenever coagulating enzymes survived the cheese making operation
and were found in the curd, they remained active throughout ninemonths curing with relatively small decreases in activity.
Even though porcine pepsin is highly proteolytic in the stomach
of a pig at pH 2.0, it is much less active in milk at pH 6.6, but
still capable of inducing coagulation. However, it is very
unstable and is completely destroyed when the cheese is cooked.
Consequently, under these conditions porcine pepsin is incapable
of contributing to the curing of Cheddar cheese. Poor stability
in the vat is the reason some cheese makers who have used porcine
pepsin have experienced soft sets and excess fat losses. This
problem can be overcome by increasing usage. When set in more
acid milk (below pH 6.4); some of the enzyme will survive in the
cheese.
Bovine pepsin is somewhat more stable than porcine pepsin in
sweet milk, thus low levels of this enzyme remained active in the
cheese. Like porcine pepsin, its retention and activity
increases with decreasing pH.
The stability of the fungal enzymes is less dependant on acidity
than either of the pepsins or chymosin. However, unlike the
animal enzymes, the fungal coagulants do not show a pH dependant
affinity for curd. Consequently, the amount retained in the curd
is strictly a matter of the amount of enzyme dissolved in the
whey that is held by the curd (2).
Considering both proteolytic activity and amount of residual
enzyme in the curd, the gross protein break-down during curing

8

can be measured by increases in water soluble nitrogen. These
values for cheese set at pH 6.6 with five different coagulants is
illustrated in Slide 6.

Average water soluble nitrogen(%) in cheese made from nonnal milk \\ith various mi:.i.:.·
do::ing enzymes.

Slide 6
The greatest proteolytic activity was produced by the Mucor
pusillus enzyme, the least by porcine pepsin with chymosin, Mucor
miehei protease and bovine pepsin about the same.
This raises the
interesting question that if porcine pepsin does not survive the
cheese making process, what is responsible for the proteolytic
activity that takes place during the curing of cheese made with
porcine pepsin. The obvious answer is that it must be due to the
microorganisms in the cheese or natural proteolytic enzymes in
the milk that can survive pasteurization such as plasmin.

9

In some previous work not reported here, we were able to show
that a certain amount of protein breakdown occurred in cheese
made with no rennet and no starter. Concentration was by
ultrafiltration and acidification by glucono-delta-lactone.
Therefore, we now raise the question as to whether the
proteolytic activity of milk clotting enzymes is beneficial or
detrimental to cheese curing.
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Slide 7 illustrates the flavor scores that were generated by a
panel of experts during the curing of cheese made with three
different levels of chymosin (calf rennet). One lot was set with
one oz. rennet per 1000 pounds milk at pH 6.2 to achieve a normal
set time. A second lot was set with the usual 3 oz./1000 pounds
in sweet milk. The third was set with 9 oz/1000 pounds in sweet
milk. The finished curd at one day of age contained 6.5, 9.6 and
59.9 clotting units of chymosin per kilogram of cheese. Note
10

that the best flavor quality was attributed to the cheese
containing the least amount of rennet enzyme and that the poorest
flavor contained the most. The poorest quality cheese was
distinctly bitter, the medium cheese was described as slightly
bitter at six months of age while no bitterness was detected by
any of the judges in the cheese containing the least residual
enzyme. The grading scale was from 1 to 7 with
1 unsaleable, 2 very objectionable, 3 objectionable, 4 fair,
5 good, 6 excellent, and 7 superior.
This suggests that like many other proteolytic enzymes capable of
clotting milk, even chymosin can cause flavor problems during
curing if too much of it is left in the cheese.
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Slide 8
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Slide 8 shows mean flavor scores during the curing of Cheddar
cheese made with porcine pepsin, Hucor miehei protease and Hucor
pusillus protease.
Note that the flavor quality of the porcine
pepsin cheese was good throughout the curing process. In this
case, there was no residual enzyme in the cheese. The Hucor miehei
cheese was fairly good but lost some quality during curing. The
flavor of Hucor pusillus cheese deteriorated during curing and
became bitter. It is quite likely that the only reason that
either of the fungal enzymes can be used to make cheese is that
such a little bit remains in the curd.
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Slide 9
Similar flavor evaluations are shown in Slide 9 for cheese made
with porcine pepsin set at pH 6.6 and bovine pepsin set at both
12

pH 6.6 and 6.2. Recall that the bovine pepsin cheese set at pH
6.6 actually contained·the highest level of residual enzyme. It
also resulted in the most rapid flavor deterioration during
curing.
This work suggests that none of the proteolytic milk clotting
enzymes contribute very much to flavor development during curing,
and all of them can cause bitterness if too much remains in the
cheese. It is clear that a higher level of residual chymosin can
be tolerated in curing cheese than any of the other enzymes but
anything in excess of about ten clotting units of this enzyme per
kg. of cheese may also lead to bitterness.
If residual clotting enzymes are detrimental to flavor
development, why not use porcine pepsin that is destroyed during
cheese making and does not affect flavor. The answer appears to
lie in the contribution of the residual enzymes to the body and
texture of the cheese during the early stages of curing.
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Slide 10 shows the body scores of cheese made with porcine pepsin
and chymosin (calf rennet). Note that the body breakdown in the
pepsin cheese was much slower than in the chymosin cheese.
Eventually it reached the same level of acceptability as the calf
rennet cheese but it took much longer.
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Slide 11
The same trend is suggested in Slide 11 where the body scores of
cheese made with porcine pepsin are compared with those of cheese
containing two levels of bovine pepsin. Note that the cheese
containing the highest level of bovine pepsin produced the most
rapid body breakdown while the porcine pepsin cheese retained
curdiness longer.
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In summary, the best data available indicate that the cheese
industry can expect from 2/3 to 1% less yield if cheese milk is
set with Mucor fungal rennets or bovine pepsin rather than with
calf rennet. This translates to a value difference of at least
$32 per gallon between high chymosin calf rennet and the fungal
or bovine pepsin enzymes based on currrent cheese prices.
Porcine pepsin is very unstable at the pH of sweet milk and, if
used to coagulate cheese milk, will be completely destroyed
during cooking at 102°F.
It appears that the proteolytic activity of residual milk
clotting enzymes in Cheddar cheese plays a significant role in
body breakdown, especially during the early stages of ripening,
but that they contribute little if anything to cheese flavor. In
fact, if too much residual enzyme is present, the cheese can
become bitter .

•
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Recent publicity has focused the consumer's attention on dietary
fat intake. This consumer interest is supported by a desire to
consume less calories and prevent cholesterol buildup in the
body. The first surgeon General's Report on Nutrition and Health
recommends that a dietary priority should be the reduction of fat
intake, especially saturated fat, because of the relationship to
several chronic diseases which are leading causes of death in the
United States. (1)
Consumers of dairy products are changing some of their purchasing
patterns in favor of lower fat alternatives. (2)

SALES OF FLUID MILK PRODUCTS
Pounds Per Capita
Pounds

200 ~------------------------------------------~
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~
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However, at the same time, consumers are not willing to sacrifice
flavor and texture for the ultimate dietary goal of no fat.
Until very recently there has been no reduced fat alternative
cheese for the consumer, and thus, conventional cheese
consumption has continued to grow at a rate of over four per cent
(4%) per year and has more than doubled since 1966. (3)

1
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It will be interesting to see if consumers will react to reduced
fat cheeses as they have to reduced fat milk and yogurt. There
is certainly a great potential to sell quality cheeses having
reduced fat given the dietary trends and the continued growth in
cheese consumption.
How can the cheese industry react to this opportunity? There
appears to be two dietary targets, lower calories and reduced
risk of coronary heart disease, that will motivate consumers to
new purchasing patterns. Product development efforts will need
to focus a>variety of strategies on these targets. Promising
strategies appear to be:

*

Modification of milkfat to make it more nutritionally
acceptable.

*

Reformulation of dairy foods to a more acceptable
nutritional balance. (4)

*

Substitute alternative fat ingredients for milkfat in
dairy foods. (5,6,7)

All of these strategies are represented in projects planned or in
progress at certain Dairy Foods Research Centers.
Examples of the modification of milkfat can be found in project
work planned or underway at the Wisconsin Center for Dairy
Research, Southeast Dairy Foods Research Center and the MN/SDS
Dairy Foods Research Center.
2

center

Investigator

Title

WI

R. Bradley

Production of Low Cholesterol
Butter and Butter Derivatives

WI

R. Hartel

Enzymatic Modification of Butterfat
in Supercritical Carbon Dioxide

WI

c. Hill

Use of Immobilized Enzymes in the
Treatment of Milkfat

SE

s. Schwartz

Supercritical Fluid Technology Application to the Dairy Industry

MN/SDS

McKay

Plasmid Biology and Analysis of
Gene Transfer Systems of Dairy
Streptococci in order to Construct
Strains for Improved Dairy
Fermentation Pro~esses

MN/SDS

Harlander

Genetics of Lactobacilli of
Interest in Dairy Fermentations

of reformulation of dairy foods to a more acceptable
nutritional balance can be found in the projects planned or
underway at the Wisconsin Center for Dairy Research, Western
Dairy Foods Research Center, and the California Dairy Foods
Research Center.

~xamples

Center

Investigator

WI

K. Lee

New Dairy Foods from Added Fiber

WI

D. Fennema

Use of Dietary Fiber to Reduce the
Caloric Value of Milkfat

CA

K. Nilson

Use of Retentates from Skim Milk
Ultrafiltration in Ice Cream and
Other Frozen Desserts

CA

C. Shoemaker

Study of the Effect of Interactions
between Fat and Proteins on the
Viscosity of Milk

Western

P. Savello

Use of Ultrafiltration and
Different Heat Treatments on Low
Fat Yogurt Flavor and Physical
Properties

Title

3

The third strategy, fat substitute, is the focus of this
presentation. The use of a fat substitute for milkfat in dairy
foods is currently limited commercially to two potential
products, Olestra and Simplesse. Eventually these products will
be joined by other alternatives as fat and protein technologies
advance.
Olestra is a sucrose polyester made from natural sugar and edible
oils. It contains no cholesterol, and, because it is not
absorbed by the body, Olestra is essentially calorie-free. As a
result of these attributes, the use of Olestra in dairy foods
would satisfy the consumer demand for lower calories and reduced
cholesterol. At the moment, this fat substitute is promoted as
an ingredient for cooking oil. (6) It has been estimated that
fast food outlets could reduce the calories of an order of french
.fries by one-third if the frying oil contains a recommended
amount of Olestra. Procter and Gamble, the manufacturer, has
hinted at other food applications, including ice cream.
There are some challenges to the use of Olestra in dairy foods.
Olestra hinders the absorption of fat soluble vitamins,
particularly Vitamin E. A possible solution to this is vitamin
fortification. Early forms of Olestra had a laxative effect
which P & G claims to have under control now. Perhaps tpe
biggest problem is how to use such an oily liquid as a substitute
for solid milkfat and maintain the same flavor and textural
properties of the food. Conceivably, application would start
with foods that do not require demanding structural contributions
and extend to other products as experience is gained. FDA will
have the word on when and how fast Olestra will be available for
product modification. (7)
The other commercial alternative, Simplesse, isn't really
commercial yet, and current projections put its availability some
twelve months away. (8) Early enthusiasm for rapid introduction
has given way to a cooperative FDA review process. (9,10)
Simplesse is microparticulated protein, whey or egg albumin, of
such small spherical size that it behaves like fat. This means
that Simplesse has smoothness, richness and creaminess normally
associated with fat in foods. Simplesse, when hydrated,
exchanges one gram of protein (4' calories) for 3 g of fat (27
calories) to achieve a significant reduction in calories. Unlike
Olestra, however, it is not calorie free. Simplesse is fat-free
and cholesterol-free.
The Nutrasweet company has published a calorie per serving
comparison for Simplesse prototypes compared to traditional
products .
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TRADITIONAL*

SIMPLESSE**

% OF
CALORIES
SAVED

Super Premium Ice Cream
(Chocolate) 1 (4 fl. oz.)

283

130

54%

Yogurt (8 oz.)

139

100

28%

Refrigerated Salad Dressing2
(1 tblsp.)

87

21

70%

Mayonnaise

99

30

- 70%

Butter/Margarine (1 tblsp.)

36

8

78%

Processed Cheese

82

36

56%

9~

45

55%

26

10

62%

(1

Cream Cheese

tblsp.)

(1

(1

oz.)

oz.)

Sour Cream (1 tblsp.)

* U.S.D.A. Handbook No. 8, unless otherwise noted
** Based on calculat1ons
.
from,The Nutrasweet Company
1
The leading super premium ice cream
2
The leading refrigerated salad dressing
In the patented Simplesse process, protein is heated and
coagulates in much the same way that egg white cooks. Under
ordinary circumstances, the protein would form large particles of
gel which would feel rough in the mouth. However, a precise
blending, or shear process, prevents the formation of large
particles and shapes the protein gel into very tiny beads. (11)
Types of foods in which Simplesse is likely to find application
include ice cream, butter (table use), cheese spreads, sour
cream, dips, salad dressings, margarine (table use), and
mayonnaise. In contrast to Olestra, it is not recommended for
high temperature processing due to potential protein gelation.
It would appear that there are several interesting opportunities
for the dairy industry to use Siinplesse. Cheese spreads,
particularly cold pack varieties, could be among the first to
benefit. Processed cheeses are another group of products likely
to benefit by using Simplesse t~ substitute for milkfat if
processing temperatures and shear do not present textural
problems for Simplesse. It will be interesting to see if
Simplesse can be effectively introduced in natural cheesemaking
where it must first be dispersed and then captured by the
coagulation process under acid pH conditions. Losses may present
economic problems, depending on simplesse pricing.
5

Some long term work at the Southeast Dairy Foods Research Center
may lead to further development of milk proteins as food
ingredients to lower fat content.
In summary, the cheese industry must consider offering low-fat,
reduced-cholesterol, andjor reduced calorie products in light of
dietary trends and sales of other dairy products such as low fat
milk and yogurt. These nutritionally adjusted cheese products
may be developed by milkfat modification, product reformulation
or fat substitution. Some work is underway at the Dairy Centers
to support this effort. Two commercial products, Olestra and
Simplesse, are being evaluated for fat substitution. Although it
will be some time before these substitutes are available to
experiment with and use, the cheese industry should begin to
develop plans to take advantage of this emerging technology. It
is likely that some new products will require new marketing
techniques and labeling guidelines.
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PROGRESS TOWARD FORTIFYING CHEESE WITH IRON
by
Arthur W. Mahoney, Ph. D., Professor
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INTRODUCfiON
Iron deficiency coninues to be a major nutritional problem in industrialized nations
especially among women of childbearing age, pregnant women, and children six months to
two years of age. It is most frequent and severe among people in lower socio-economic
populations.
Iron is the only mineral that is deficient in dairy products. Furthermore, diets that
are low in iron are higher in dairy products. Because of their calcium content, nutritionists
do not want to discourage consumption of dairy products. However, if suitable iron
sources were found, dairy products could be fortified and promoted on the basis of iron
content as well as calcium and vitamin D contents, thereby addressing two major nutritional
concerns: iron deficiency in women, young children and elderly men and bone health in
middle-aged women, growing children and elderly men.
Dairy products have been fortified with vitamin D3 for many years, eliminating
rickets as a nutritional disorder in industrialized nations. It is equally appropriate to fortify
dairy products with iron to reduce the incidence of iron deficiency. Cows milk based infant
formulae and instant breakfasts have been fortified with iron for a long time. Infants reared
on formula with iron have improved iron status.

Milk fortified with ferrous sulfate or ferrous ammonium sulfate has oxidized flavor
and high TBA numbers primarily due to oxidative damage to lipids. Skimmilk fortified
with ferric chloride or ferrous gluconate had oxidized flavor but skimmilk concentrate or
nonfat dried milk did not. Fortification with ferripolyphosphate-whey protein concentrate
resulted in good flavor in whole milk or chocolate milk. We have found no reports of
attempts to fortify cheese or yogurt.
OBJECTIVES

•

There are a number of good opportunities for fortifying dairy products with iron.
The purposes of this study were to develop methodology for evaluating oxidative damage
of cheese and to evaluate potential iron fortification sources that would cause minimal
deterioration of cheddar cheese.

MATERIALS AND ME1HODS
To develop a methodology for studying oxidized damage in cheese, we prepared
cheeses with iron fortification sources that would cause a significant amount of oxidative
damage (positive controls) and unfortified cheese (negative controls) that should experience
minimal oxidative damage. Cheddar cheeses were prepared in approximately two-pound
blocks from 8 kg Pasteurized milk to which starter culture and calf rennet were added, and
the coagulum was formed, cut, cooked, drained, salted, hooped and pressed using
standard cheddaring procedures. The iron sources and coloring, when added, were placed
in the milk before adding the starter culture.
In experiment 1, we tested ferric chloride and ferric citrate with or without color and
and iron casein complex that contained 30 mg iron per gram. In experiment 2, cheeses,
fortified with a new iron-casein complex or ferripolyphosphate-whey protein complex
(FIPWPC), were prepared with or without coloring. In experiment 3, iron-casein
complexes were prepared with different amounts of iron and were fortified into cheeses at
different iron levels. All cheeses were evaluated for oxidized flavor, cheese flavor and
color by a panel of eleven with seven dairy experts, two food sensory experts and two
nutritionists. The cheeses were evaluated chemically for oxidative damage by thiobarbituric
acid (TBA) assay.

RESULTS AND DISCUSSION
Of the iron added to the milk, 52 to 81 percent was recovered in the cheeses (Table
1). The fortified cheeses contained from 40 to 169 ppm iron which provided from 10 to 42
mg iron per 1000 kcal. This is about 1 to 4 times the 9 mg iron/1000 kcal needed by
women to meet their Recommended Dietary Allowance (RDA) of 18 mg iron when
consuming the recommended 2000 kcal daily.
The TBA number was higher in iron-fortified than unfortified control cheeses; and,
the addition of cheese coloring was associated with lower TBA values for all iron sources
· tested (Table 2). Iron-milk protein complexes gave lower TBA numbers than iron-citrate
or ferric chloride (Tables 2 and 3). Also, increased iron level in cheese was not associated
with increased TBA number (Table 4). Although iron fortified cheeses had slightly higher
TBA numbers than unfortified control cheeses, these values are well within values reported
for cheeses; i.e, American diet cheese, 5.7; American cheese, 3.6; Swiss cheese, 0.3;
mozzarella, 0.5; muenster, 0.0; and ricotta, 0.4 (1). The reponed TBA number ranges are
0.95-13.7 for beef, 0.24-4.1 for pork, 0.14 for mutton, 1.26-7.7 for chicken, and 5.5813.5 for turkey (1-3).
The unfortified control cheeses (negative controls) had low oxidized flavor and
good cheese flavor scores in all three experiments one exception, the colored control cheese
in experiment 2; but the TBA number of this cheese was not increased (Tables 2 - 4).
However, the differences in taste panel scores between the iron-fortified and unfortified
control cheeses were not statistically significant.
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Although oxidized flavor scores were higher and cheese flavor scores were lower in
the iron fortified cheeses (Tables 2- 4), the scores were poorly correlated with cheese iron
content (iron vs. oxidized flavor, r=O.OO to 0.43; iron vs cheese flavor, r=-0.03 to -0.54)
(Table 5). Similarly, the correlations between TBA number and oxidized and cheese

flavors were low (TBA vs oxidized flavor, r=-0.01 to 0.35; TBA vs cheese flavor, r=0.04
to -0.40). The reasons for these poor correlations are (a) iron fortification caused very
small increases in TBA number, (b) these small increases in oxidative damage were at or
below the threshhold of taste sensitivity of the taste panel, and (c) the taste panel's acuitity
seemed to be nonspecific for oxidized and cheese flavors because of the high negative
correlations between the two parameters (r=-0.54 to -0.87).
Finally, the above observations are being successfully repeated in an experiment in
which cheeses fortified with iron-casein complex, FIPWPC, FeWPC or ferric chloride
have been prepared in 20 pound blocks. These cheeses are being evaluated at
approximately 7, 30, 90, 180 and 360 days of age for TBA number, oxidized flavor, and
cheese flavor by a panel of dairy experts. After 90 days of aging, they will be flavor-tested
by a much larger panel of untrained shoppers visiting the USU dairy bar and a crosssection of USU students who take classes in the Nutrition and Food Sciences building.
Also, an animal experiment is in progress to evaluate the bioavailabilities of the iron .
sources and these fortified cheeses.
CONCLUSIONS
1. Cheddar cheese may be fortified with only minor deteriorations in TBA numbers
and flavor qualities for at least 90 days of aging. TBA numbers and flavor qualities either
did not change at all or only slightly with time.
2. From 10 to at least 42 mg iron may be added per 1000 kcal without
compromising cheese quality.
3. Fortifying cheese with iron can affect dietary iron intake meaningfully. We
estimate that the average iron intake in the U.S.A would increase approximately 18 percent
if all cheese were fortified with iron at approximately 20 mg Fe/1000 kcal.
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Table 1. Iron and calcium in iron fortified cheese*
Iron source

Experiment 1
FeC13
FeC13 +C**
Fe3+ Citrate
Fe3+ Citrate +C
Fe-casein***
Experiment 2
Fe-casein***
Fe-casein +C
FIP-WP****
FIP-WP +C
Experiment3*****
50-125 (1.4)
50-250 (2.4)
50-500 (2.2)
50-500 (4.4)
50-500 (8.8)

Cheese
number

Feconc.
in cheese
(~g/g) .

Fe added
to cheese
(mg)

Total Fe
in cheese
(mg)

Fe recovered
in cheese

(%)

Calcium
in cheese
(mg/g}
2.3
2.0
2.1
2.1
2.2

2
3
4
5
6

91
80
60
61
64

89
89
89
89
89

72
63
46
47
49

81
71
52
53
55

9
10
12

74
81
93
81

88
88
90
90

54
63
68
63

61
72
75
70

14
15
16
17
18

101
97
40
82
169

93
91
46
91
182

71
68
29
60
124

76
75
65
66
68

11

3.2
3.1
3.0
3.0
3.2

*Control cheese contained 2 ~g Fe/g in all experiments, and 2.2 and 3.1 mg Ca/g in experiments 1 and 3, respectively.
**+C means cheese color added.
***Fe-casein in experiment 1 had 90 mg Fe/g and was not washed with lactic acid. Fe-casein in experiment 2 had 30 mg Fe/g
and was washed with lactic acid solution (pH 5.5).
****FIP-WP stands for ferripolyphosphate whey protein which had iron 36 mg/g.
*****The iron source was Fe-casein which was prepared by adding 50 ml of 0.2 M FeC13 to 125, 250 or 500 ml skimmilk.
Fe-caseins 50:125, 50:250, and 50:500 contained 66, 38, and 21 mg Fe/g, respectively. The amount of iron in cheese
was changed by varying the amount of Fe-casein added shown in parentheses (g Fe-casein/8 kg milk). Food color
was added to all cheeses in experiment 3.
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Table 2. TBA values and taste panel scores of iron-fortified cheese, Experiment 1
Iron Source

Control

FeCl3

Cheese number

1

2

3

4

5

6

Cheese Fe, J.Lg/g

2

91

80

60

61

64

FeC13+C*

Fe3+ Citrate

Fe3+ Citrate+C Fe-casein

LSD**

TBANumber
7 days
1 month
3 months

0.03
0.21
0.22

0.86
0.70
0.94

0.31
0.47
0.60

0.45
0.47
0.92

0.24
0.18
0.26

0.54
0.42
0.62

Taste panel score***
Oxidized flavor
7 days
1 month
3 months

2.1a
3.3a
2.oa

5.0bC
5.1bc
2.6a

5.1bc
3.6ab
3.2ab

5.2bc
4.7abc
4.7bc

4.1b
5.8bC
4.4bc

6.4C
6.oc
5.7C

1.9
1.7
1.7

Cheese flavor
7 days
1 month
3months

7.7a
6.3a
7.1a

4.5b
6.oah
6.2a

5.2b
6.9a
6.4a

4.8b
4.0b
3.5C

5.2b
4.4b
4.9b

4.1b
4.1b
3.oc

1.5
1.6
1.2

*C means cheese coloring was added.
**Least.significant difference values were calculated when F was larger than Fo.os (P <0.05). Means with the same
superscripts are not significantly different.
***Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score indicated a stronger flavor.
For cheese flavor, the higher score indicated a better quality. The values are means of eleven judges.

Table 3. TBA values and taste panel scores of iron-fortified cheese, Experiment 2
Iron source

Control

Control+C* Fe-casein

Fe-casein+C

FIP-WP

FIP-WP+C

LSD**

Cheese number

7

8

9

10

11

12

Cheese Fe, Jlg/g

2

2

74

81

93

81

TBANumber
?days
1 month
3 months

0.01
0.06
0.06

0.06
0.01
0.01

0.26
0.20
1.03

0.22
0.04
0.21

0.32
0.22
0.34

0.15
0.05
0.02

Taste panel score***
Oxidized flavor
7 days
1 month
3 months

3.5 8
3.7
3.08

4.6abc
5.3
6.1b

6.4C
5.5
5.6b

4.5ab
3.8
3.58

4.8abc
3.8
4.7ab

6.2bC
5.5
5.4b

1.8
NS
1.7

Cheese flavor
7 days
1 month
3 months

6.9 8
6.1
6.1 8

5.4ab
3.7
2.9C

4.4b
4.7
3.9bC

4.9b
5.2
4.1bC

5.4ab
6.2
4.6b

4.7b
5.0
3.6bC

1.5
NS
1.4

*C means cheese coloring was added.
**Least significant difference values were calculated when F was larger than Fo.os (P <0.05). Means with the same
superscripts are not significantly different.
***Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score indicated a stronger flavor.
For cheese flavor, the higher score indicated a better quality. The values are means of eleven judges.
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Table 4. TBA values and taste panel scores of iron-fortified cheese; Experiment 3
Iron source*

Control

50:125 (1.4) 50:250 (2.4) 50:500 (2.2) 50:500 (4.4)

50:500 (8.8) LSD**

Cheese number

13

14

15

16

17

18

Cheese Fe, J.Lg/g

2

101

97

40

82

169

TBANumber
7 days
1 month
3 months

0.01
0.01
0.04

0.19
0.21
0.40

0.17
0.42
0.25

0.05
0.03
0.16

0.05
0.19
0.42

0.10
0.19
0.27

Taste panel score***
Oxidized flavor
7 days
1 month
3 months

2.9ab
2.1a
1.9a

4.3b
3.9b
4.5bC

4.5b
3.8b
3.2ab

2.5a
3.1ab
3.2ab

4.0b
4.5bC
4.3bc

4.4b
5.7C
5.6C

1.3
1.4
1.5

Cheese flavor
7 days
1 month
3 months

6.7ab
7.2a
7.8a

5.3cd
4.8C
5.1bC

5.7bcd
5.1bC
5.8b

7.3a
6.6ab
6.3ab

6.1bC
5.1bC
5.1bC

4.9d
4.6C
3.5C

1.1
1.5
1.6

*Iron casein was prepared by adding 50 ml of 0.2 M FeCl3 to 125, 250 or 500 ml skimmilk. Either 1.4, 2.4, 2.2, 4.4
or 8.8 g Fe-casein was added to 8 kg milk to make cheese.
·
**Least significant difference values were calculated when F was larger than Fo.os (P <0.05). Means with the same
superscripts are not significantly different.
***Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score indicated a stronger flavor.
For cheese flavor, the higher score indicated a better quality. The values are means of eleven judges.
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Table 5. Correlation coefficients among iron level, TBA number,
oxidized flavor (OF) and cheese flavor (CF)
Aging

Iron:OF

Iron:CF

TBA:OF

TBA:CF

OF:CF

7 days

0.38

-0.41

0.34

-0.36

-0.68

1 month

0.19

-0.03

-0.01

0.04

-0.54

3 months

0.15

-0.17

0.11

-0.26

-0.71

7 days

0.23

-0.28

0.19

-0.26

-0.62

1 month

0.00

0.11

-0.03

0.17

-0.60

3 months

0.03

-0.09

0.10

-0.02

-0.63

7 days

0.26

-0.35

0.24

-0.28

-0.87

1 month

o.'4s

-0.42

0.23

-0.33

-0.71

3 months

0.43

-0.54

0.35

-0.40

-0.77

Experiment 1

Experiment 2

Experiment 3
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Application of Membrane Filtration for Cheddar and Other Varieties
from UF Retentate
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Abstract
Since the membrane filtration technique was introduced in the late sixties, considerable
advances have been made with membranes, modules, and the process technology.
Chemical and temperature resistant membranes with different properties have been
developed, which aide in the high-concentration ultrafiltration (UF) required to
successfully manufacture cheese.
The main application for UF in the dairy industry has been for production of Whey
Protein Concentrate (WPC) with a steady increase in cheese manufacturing.
Many different cheeses are produced by means of UF today, and an intensive
development work is taking place for production by UF of the ripened types of cheese
(Yellow Cheeses), which will cause a radical change of the cheese technique in the
nineties' creamery.
Introduction
The introduction of the membrane filtration technique about 18 years ago was a
considerable innovation within the dairy industry. Today many industrial UF and
Reverse Osmosis (RO) plants are in operation for various applications, and considerable
advances with membranes, modules, and process technology have taken place.
In this paper, we will primarily cover the application of ultrafiltration technology. We

will start with a short discussion of membranes and modules followed by a mentioning
of application of UF in the dairy industry.

The main emphasis in this paper will be placed upon production of cheeses by U F
including comparison of U F with conventional methods, proceedings for UP in
cheesemaking, comment of UP cheese types, and an explanation of the processes for
several cheese manufacturers.
In any new production method one must begin with an understanding of the technology
to be employed, apply this technology to a specific product (while understanding all
factors which dictate that product) and let the end product desired dictate the type and
method of equipment to be used .

•
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Membranes
The membranes used today are made of polysulphone or polyethersulphone which is
characterized by a high resistance to chemicals and temperature and which gives
excellent properties for ultrafiltration of various types of milk and whey.
Today every major membrane manufacturer markets a membrane which is applicable to
the milk ultrafiltration process. The hardest job is determining which one is best suited
·
to your individual product needs.
TABLE 1
The characteristics and properties of UF membranes
The Characteristics and Properties of UF Membrane.s

Company

•

.Membrane
Type

. Cut-Off

pH

Deg. C

Max. PSI

Abcor

HFKI31

5,000

] -] 3

0-80

145

AMTIPP

AES30

30,000

1-13

0-90

145

1-] 3
] -12

150
150
145
145

EIOO
E500
GR60PP
GR61PP

25,000
20,000

1-13
] -13

0-70
0-70
0-80
0-80

PCI

PV120

20,000

2-10

0-70

145

UOP

3839N1
(4333N2)

5,000

1-13

0-80

145

Desai
DDS

Note:

- Recommended maximum feed temperature for milk a product is
normally 50°C for all membranes.
- Different sized membrane flow channels arc available.

The first decision which must be made is to define the product one intends to
manufacture which will roughly fit into one of the following areas.
- UF of acid whey for production of whey protein concentrate.
- UF of acidified whole milk and cream for production of whole milk
quarg, and cream cheese.
- UF of sweet whey for production of whey protein concentrate.
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- UF of skim milk/whole milk for production of cultured milk products
and cheese.

0809888

Once determined, and a membrane chosen feasibility trials must be initiated. This
should be a controlled process of trial over a specific time period (in our case six months)
and not a batch test of one hour. This must include data gathering of flow, rejection
and membrane life as well as continued product testing and aging to see if defects will
develop over time.
Plant Design
The development of new modules has made it possible to concentrate to the solids level
of many cheeses, to concentrate acidified milk, and furthermore to increase the content
of total solids in WPC-80 before spray drying.
By concentration of whole milk and skim milk, a very rapid increase in viscosity occurs
for whole milk at approximately 14% protein corresponding to approximately 34% TS
and for skim milk at approximately I 8% protein corresponding to approximately 24%
TS.
A heavily increased viscosity limits the filtration and causes a large risk of blocking the
modules. However, milk and whey concentrates show a very significant, pseudo-plastic
behavior, which means that the viscosity decreases the quicker the liquid is pumped.

•

Modules have been developed in the light of these special viscosity pro.perties. These
include larger spacing of membrane sheets to achieve high velocity flow distribution over
the membrane which decreases the tendency for fouling. The optimum plant design is
to use small spacer modules at low concentration with progressively larger channels as
the product gets more concentrated.
TABLE 2
Limits in view of TS % for various products.
Percent TS

Whey 35% WPC

35

Whey 80% WPC

35

Skim milk

39

Whole milk

52

Acidified skim milk

22

Acidified whole milk (45% fat/TS)

30

Acidified whole milk (60% fat/TS)

40

Acidified cream (70% fat/TS)

4S
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.PRODUCTION OF CHEESE BY ULTRAFILTRATION
Comparison with Conventional Methods
In conventional cheesemaking, the milk is coagulated by adding rennet, concentration
takes place, whey is drained off and the curd formed. This whey contains approximately
25% of the protein and approximately 10% of the fat content in the milk, which means
that only 75% of the protein content and 90% of the fat content in the milk are utilized
in conventional cheesemaking.
In the UF technique, the milk is first concentrated, where after coagulation by means
of rennet takes place.
By total concentration this means:
- up to I 00% utilization of the fat content in the milk
- up to 95% utilization of milk proteins = + 20%

=

+ I 0%

Beyond the large saving in milk consumption of up to 30%, there is also considerable
saving in consumption of rennet and starter culture by cheese production based on UF
technology.
Procedings for UF in Cheescmaking
There are different methods for utilization of the UF technique in cheesemaking:
I.

Protein Standardization to e.g. 3.6% or up to 4.0% protein. The method is
especially used in France, and the experience is that a more homogeneous and
constant cheese quality are obtained year around with a smaller loss of casein fines
in the whey.

2.

Preconcentration prior to traditional cheesemaking. This technique can be used for
a wide variety of cheeses, and the typical degree of preconcentration is two fold
volume reduction.
Two fold preconcentration means a double capacity of the traditional cheesemaking
equipment, and a reduction in the consumption of starter culture and rennet. The
exact degree of concentration allowable is dictated hy the equipment used to handle
the curd.

3.

Part Concentration to between 20 and 40% total solids (TS). This method is mostly
used for cheeses with structure and requires untraditional cheesemaking equipment
such as:
- Dosing and mixing equipment for retentate, starter culture, and
rennet, etc.
- Continuous coagulation equipment.

•

- Continuous cutting and cooking equipment for making cheese grains .
- Continuous post-treatment equipment depending on the types of cheese.
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4.

Total concentration to a TS-level identical or almost identical with the TS content
in the final cheese. This method is, of course, the most profitable as the whey
protein are fully utilized.
Untraditional cheesemaking equipment as dosing, mixing, coagulation, and

m~mlding equipment are also required for this method.

Cheeses produced from fully concentrated milk arc mainly the types with a closed
structure .

•
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TYPES OF OF CHEESES
Because of the whey protein content, OF-cheeses naturally differ from traditional
cheeses in chemical composition. But in respect to appearance, consistency, and. taste
OF-cheese can be:
- Identical or almost identical with the traditional types.
- It can diverge, but still be accepted as the traditional types.
- It can be an entire new product, adjusted to a traditional or an
untraditional use.
APV has developed completely integrated processing lines for many different types of
cheese based on total or part-concentration of the cheese milk.
The OF cheese types appear from TABLE 3.
Cheese Type

Closed
Structure
X
X
X
X
X
X
X

Quarg
Pate Fraiche
Cream Cheese
Cast Feta
Domiati
Ricotta
Cheese Base
Structure Feta
Mozzarella
X
Queso Fresco
Quartirolo
Blue Cheese
Havarh Tibit
Danbo/Gouda/Edam
American Varieties
X

Open
Part-Cone.
Structure

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

Full-Cone.

X
X
X
X
X
X
X

OF+
Evap.

X

X

Cast Feta, Domiati, and Cheese Base are entirely new types of cheese developed on the
basis of the OF-technique .

•
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Quarg - Fresh Cheese
This group includes Skim Milk Quarg, Whole Milk Quarg, Baker's cheese, Fromages
Frais, Pate Fraiche, and similar types of Soft Cheeses.
When starting using UF for these cheeses, a problem with a bitter taste in the products
arose.
However, with the newer larger pass membrane, it became possible to
concentrate acidified milk with a pH value of 4.5 - 4.6, which solved the problem
completely. This is most probably due to the higher degree of solubility of calcium at
a low pH value which causes a large volume of it to leave with the permeate.
Today, a large number of UP-plants are in operation for production of the above
products, and over the next few years a considerable increase in plants is expected both
abroad and in the U.S.
Saving in milk consumption of 12 - 20% arc attainable, depending on the type of the
traditional method used for the production of skim milk quarg.
Feta and Domiati
Feta was the first cheese produced by UF. It started in Denmark in 1976, and today
many UF-plants are in operation for Feta and Domiati. Cast Feta became a great
success although it differed from the traditional Feta which has an open structure.
Alone in Denmark, the production of Peta and Domiati made up 140,000 tons in I 984.
Domiati is an Egyptian variant of white cheese which is concentrated by UF as Feta,
but which is acidified chemically and packed direct in the consumer package, usually
bags or Teta Brik, in which coagulation takes place without any whey separation.
Mozzarella
This belongs to the group of "Pasta Filata" cheeses, characterized by a structure, which
resembles that of chicken breast. Mozzarella was originally an I tali an cheese, but is also
produced in many other countries today, particularly in the United States.
The most common type is the low moisture type with 48 - 55% TS and 30 - 40% fat/TS
which is produced by partial concentration of milk by UF and further processing.
Mozzarella is mainly used in cooking, especially for pizzas.
Considerable quantities are already produced on the basis of the UF technique alone
and/or a mixture of UF and conventional.
Queso Fresco and Quartirolo
These are Spanish/South American types of fresh cheeses, also increasingly produced
by UF.
Blue Cheese (Blue and White Cheese)

•

These comprise types like: Blue, Roquefort, Danahluc, Gorgonzola, and Stilton, and
from this group, Danablue can now be produced by UP with an excellent result.
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PROCESS TECHNOLOGY FOR CHEDDAR CHEESE
Cheddar Cheese APV SiroCurd
This is a newly developed process designed to make a well established product cheddar
cheese: It is based on a thorough understanding of renneted coagulum with equipment
and process designed to overcome several problem areas. These include:
1.

Ensuring that the coagulum at cutting is sufficiently firm to avoid undue losses of
fat and fine curd particles but not so firm as to impede control of subsequent
moisture reduction during syneresis.

2,

Providing conditions which resulted in the final-cheese having the same level of lactic
acid bacteria, residual rennet, pH and moisture as normal Cheddar cheese.

Process
Figure 1 shows the process diagram for APV SiroCurd. Whole milk is standardized to
the required protein/fat ratio and then pasteurized at 161 oF (72°C) for 15 seconds. The
·
milk is removed from the HTST at 122°F (50°C) and enters the UF.

•

Ultrafiltration is carried out in multiple stages in series spiral wound unit. The milk is
ultrafiltrated until approximately 80% of the milk volume is removed as permeate. At
this point, the retentate should be around 38 - 40(~/o TS and enters the intermediate
storage, buffer tanks.
For reduction of the lactose content in the retentate diafiltration is performed until the
lactose content has reached a level of 3.6%. With this lactose content the acid fraction
of the cheese will stop at a pH value of 5.10 + or - 0.05. This will also ensure that
calcium lactate crystals will not form during final aging.
In ultrafiltration the effect of sheer damage to the product must be minimized in any
way possible. Jameson (1984) discussed a study in England (Green et al, 1983) which
compared retentates from UF plants causing different degrees of homogenization. He
pointed out that the benefits of homogenization found in the English study were related
to the techniques used for making cheese from the retentates. With the APV Sirocurd
process homogenization is not beneficial - indeed it can have adverse effects on body of
the cheese. Hence the UF plant should be designed for minimal homogenization. The
UF system selected for the pilot plant was based on spiral wound membranes with
pumps, valving and layout designed to minimize shearing forces. This finding was put
into practice at Cobram with good results - cheese body and texture has been
indistinguishable from that of the controls.
10% of the retentate from the buffer tank is removed and pasteurized prior to entry into
the fermentation system. Choice of conditions for the fermentation of part of the
retentate was determined mainly by the need to achieve in the continuous process
normal rates of acid development in the latter stages of cheescmaking and same level of
starter bacteria as in the traditional batch process.

•

The batch process (Fig. 2) takes around 5 1/2 hours fi·om addition of starter to milling
the curd. Starter bacteria number about 7xl0 6 /g when added to the milk and reach
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about 6xl08 when the curd and whey are separated - almost 4 hours later. In this time
several generations of the bacteria result.
In the APV SiroCurd process (Fig. 3) the period of syneresis in the 2 drums before the
curd and whey are separated is only about one hour time for little more than one
generation. Hence the addition of fermentate aims to provide some 9xl07 cfu/g so that
normal numbers are achieved in the curd at later stages.
The high buffering capacity of retentate at the correct concentration, permits the growth
of starter bacteria to higher cell concentrations than in skim milk. The buffering
capacity prevents the pH failing to the point where hydrogen-ion inhibition of the starter
occurs. Hence a high concentration of active cel1s is readily obtained.
It may be noted that the APV SiroCurd process is over one hour shorter than the
traditional. This is mainly because water removal hy UF is much more rapid than
·
through syneresis of cheese curd in the traditional procedure.
A further reason for the fermentation step is to ensure an adequate supply of ionized
calcium during coagulation. Some of the ionized calcium in the milk is lost in the
permeate during ultrafiltration. It is replenished from the fermented retentate.

•

The importance of this aspect was clearly demonstrated at Cobram. A newly selected
pair of cheese starters were found to produce acid at a faster rate than desired. The
cheesemaker took the step, usual in the batch process, of reducing the percentage of
fermented retentate in the blend. The result was a weak curd with increased loss of fat
and fines in the whey. The problem was solved rapidly by reverting to the normal
percentage of fermented retentate and adjusting conditions in the syneresis drums to give
the correct pH change. The angle of the drums and, if necessary, their speed of rotation
can be altered to obtain the desired pH change.
Coagulation and Cutting
The remaining 90% of retentate and I 0% from the fermentation system are mixed with
rennet and enter the coagulation tubes.

•

Coagulation of retentate at 38 - 40% total solids proceeds more rapidly than is the case
in traditional batch cheesemaking - about half of the time is needed and about half the
rennet. However the kinetics of the process difTcr and the coagulum has unusual
properties. A thorough rheological study was carried out on UF retentate at the
University of Wisconsin (Garnot et a!, 1982). Those workers observed, as did the
CSIRO Group (Van Leeuwen, I 982), that the degree of proteolysis at clotting is less
than that in normal milk. Probably for this reason, renneted retentate forms a clot that
is initially quite fragile. It requires several minutes before it is firm enough to cut
without excessive losses of fat and fines. Indeed it must be handled very gently at all
stages and not be subjected to undue distortion. Timing of the cut is critical - too early
cutting is likely to give excessive losses; cutting too late tends to interfere with syneresis
and a high moisture cheese may result. All these factors were studied intensively during
the research program and several engineering approaches were considered. The final
patented device takes account of all the factors above. Timing is computer controlled
and therefore very accurate; movement of the coagulum through the carefully designed
cutter grids is hy gentle hydraulic pressure from incorning retentate.
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The cut coagulum enters slowly rotating drums equipped with internal heating surface.
At this point the curd is raised from the 80°F {30°C) to l02°F {38°C) as in the normal
cooking regimen. The design of the drums was engineered to impart a rolling motion
to the curd and thus eliminate the ability for the curd to matt and fuse.
The r~st of the process follows traditional matting/stirring, salting and pressing to form
the cheddar cheese. The system has proven excellent in commercial practice with two
main provisions. The first has already been discussed - sufficient fermented retentate is
required in the blend. The second is that air incorporation in retentate must be avoided.
Air bubbles can provide points of weakness in the coagulum and lead to losses after
cutting. Air in the milk or ingress of air in retentatc can cause this problem.
Cheese Quality
In Australia the cheese grading system involves Federal and State official graders who
examine the cheese for suitability for the export or Australian markets. During one
period of study of process variables at CSIRO, the official graders kindly assisted by
examining a series of 82 APV SiroCurd cheeses and 26 controls. At no stage over the
six months maturing period for the experimental and control cheeses was there any
significant difference in grade score. The same finding has emerged at Cobram. Indeed,
as remarked recently by the Managing Director of Murray Goulburn "the cheese graders
cannot detect if a block of cheese comes from APV SiroCurd or from vats" .

•
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PROCESS TECHNOLOGY FOR CHEESE BASE
Cheese Base (Low Moisture)
This is an entirely new product developed with a purpose of replacing, partly or fully,
Cheddar, Danbo, Samsoe, Gouda, and other cheeses, in the production of Processed
Cheese and Cheese Spreads.
The content of total solids in Cheese Base is aimed to be 58- 62% with 45- 50% fat/TS,
and the pH-value of 5.2.
Figure 4 shows a process diagram for Low Moisture Cheese Base.
Process
Whole milk is standardized to the required fat in solids ratio, and then pasteurized at
161°F (72°C) for 15 seconds. The milk is then cooled to either l22°F (50°C) for UF or
to 40°F (4°C) for immediate storage.
Ultrafiltration is carried out by a continuous procedure at 122°F (50°C) as in the
preceding example until the retentate has reached a content of 40% total solids.
For reduction of the lactose content in the retentate, diafiltration can be utilized until
the lactose content reaches a level of 2%. With this content of lactose, the acidification
'"in the in the final cheese will stop at a pH-value of 5.20 + /- 0.05. Diafiltration can in
some cases be left out, which will lower the investment in the UF-plant, but control of
the final pH-value will be more difficult.
Due to the concentration effect, the bacteria which have survived the first pasteurization
in the retentate will also increase during ultrafiltration. Consequently, a pasteurization
of the retentate at 16l°F (72°C) for 15 seconds is included in the process. Immediately
after pasteurization, the retentate is cooled to 86°F (30°C), and pumped to processing
tanks, where starter and NaCI plus a small amount of rennet are added.
The starter is a normal Cheddar Cheese Culture selected for growth in retentate. The
pre-acidification takes place for approximately two hours until the pH value has reached
6.3 - 6.4. This ensures that sufficient culture survives in the evaporator.
In addition to the acidification, the tanks serve as balance tanks for the variations of
capacity of the UF-plant, and ensuring a constant feed to the evaporator.
The heating surface of the evaporator is optimized when the temperature of the retentate
to the evaporator is I I0°F (43°C). The retentate is evaporated under vacuum at a
maximum product temperature of 1l2°F (44°C). During the evaporation process, the
viscosity of the product tends to increase with the increasing content of dry matter. The
maximum content of dry matter in final product has been reached, when all free fat has
· been precipitated.

•

From the evaporator, the product is pumped to a moulding cylinder providing a stable
shape for easy handling, and the Cheese Base is cut into blocks at the outlet of the
moulding cylinder. Cheese Base is normally packed in vacuum shrinked bags and
cartoned in cardboard.
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The packed Cheese Base stands at approximately 68°F (20°C), until the pH-value in
question, typically 5.2, has been reached after 1-2 days. Thereafter, the Cheese Base has
to be cooled to a temperature below 40°F (4°C). The product has a "shelf-life" of several
months.
Cheese Base (High Moisture)
This cheese Base is produced with a content of 47% TS and 45% fat/TS.
This product is developed with the aim to make the process simpler and save the
investment in the Scraped Surface Evaporator. The procedure is equivalent to the one
just described, however, with the difference that the milk is concentrated to 47% TS in
the UF-plant.
For reduction of the lactose content in the retentate, a diafiltration has to be included
in the process, until the lactose content has reached a level of approximately 2.0%. As
earlier described, the consequence is a higher investment in ultrafiltration equipment.
The retentate is cooled to 86°F {30°C), and starter, rennet, and NaCl are added. A
mechanical mixer provides for gentle and sufficient mixing. The product is pumped into
containers for storage. Further treatment as earlier described.
The UF-process has the largest economic yield compared with the traditional cheese
production, especially because of saving in the milk consumption. Production of a
Cheese Base with 75% TS and 45% fat in TS will result in a saving in the consumption
of fat-free milk of about I. 7%.
The Use of Cheese Base
As mentioned above, the purpose with the Cheese Base is, partly or fully, to replace
traditionally produced cheese in the production of Processed Cheese or Cheese Spreads.
Practically, experience shows that, with the right choice of melting salts, it is possible to
use 50% Cheese Base in the production of normal processed cheese and to use 90%
Cheese Base in the production of Cheese Spreads. This is currently a topic of further
research to determine what can be done to increase the usage.
The remaining part can be matured cheese, just to give the desired taste and flavor of
cheese. Practical experience has also shown that Cheese Base, when matured, develops
a taste similar to that of traditionally produced cheese .

•
0809888

THE NINETIES" CHEESEMAKING TECHNOLOGY
The development of the nineties' cheesemaking technology has already begun, and there
is no doubt that the ultrafiltration will figure prominently.
As it appears from the above description, already today a large part of the Soft, M auld
Ripened, Fresh, Pasta filata, Cheddar and Cheese Base types of cheeses are being
produced by means of the ultrafiltration technique. By the end of the nineties, the
largest part of these cheese types will undoubtedly he produced by means of this
technique.
In general it can be said that common to all the UF cheese processes is:
- that they ensure full or better utilization of the milk proteins
- that they are continuous or almost continuous, and therefore give
the possibility of a smaller waste and better quality control
- that they take place in more closed systems than the traditional
cheese processes, and
- that they are very rational and automated which means that there is
a high degree of security and uniformity in the production and
labor saving .

•
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STATUS REPORT ON INSTRUMENTS TO MEASURE MILK
COAGULATION
Eighth Biennial Cheese Industry Conference
10:35 a.m., 24 Aug 1988
Gary H. Richardson
Dept. of Nutrition and Food Sciences
Utah State University
Logan, UT 84322-8700
This report will be given by three who are currently working with milk coagulation
instrumentation. After my comments, Dr. Charles H. White, Mississippi State University,
will report on the "Gelograph." Then we will be pleased to hear from Dr. Yasuhiko
Shiinoki, Snow Brand Milk Products Co. Ltd., Saitama, Japan, who will discuss the new
hot wire detector for milk coagulation. At the time your program was printed, we were not
aware that Dr. Shiinoki could be with us today and we appreciate that he has been able to
schedule a month in Logan at this time.
The instrument built as a result of the challenges presented at the Fifth Biennial
Cheese Industry Conference, the "Vatimerl," is still in market development.
We have a new research project recently approved and funded by the Western Dairy
Foods Research Center. It involves continuous monitoring of each cheese vat for pH,
temperature, and coagulation parameters. You may recall the advantages described for pH
and temperature monitoring by Dr. Peter Linklater two years ago2. We are adding a non-

1 Richardson, G.H., L.M. Okigbo, and J.D. Thorpe. 1985. Instrument for measuring milk coagulation in
cheese vats. J. Dairy Sci. 68:32-36.
2
Linklater, P. 1986. Computerized process control for Cheddar cheese manufacture. Proc. Sixth Biennial
Cheese Industry Conf. Utah State University. Logan, UT.

movable "hot wire" probel to provide coagulation data. Dr Shiinoki will expand upon this
device in his presentation.
Graduate student, Michael LaFevre is mounting all three fixed, clean-in-place, nonvibrating or moving, probes into a robotic system2 that will take chilled milk from a water
bath, warm it up, add coagulant or culture, monitor continuously until coagulation curve is
clearly established, store and compute the data for industry use, and clean the probes
automatically for the next cycle. We will be evaluating this system both for cottage and
Cheddar cheese processes. We hope the data will refine the control of acid and coagulation
formation and add economy and precision to cheesemaking.

1 Hori, T. 1985. Objective measurements of the process of curd formation during rennet treatment of milks
by the hot wire method. J. Food Sci. 50:911-917.
2
Anonymous. 1988. Laboratory Robotics Handbook. Zymark Corp. Zymark Center. Hopkinton, MA
01746.
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Objective Measurements of the Process of Curd Formation
during Rennet Treatment of Milks by the Hot Wire Method
TOMOSHIGE HORJ

-------------ABSTRACT------------A new thermal method for nondestructive, continuous and objective measurements of the progress of curd developmen.t was .proposed to obtain much more uniform industrial cheese production.
The temperature measurements of the electrically heated (direct
electric current, 0.7A) platinum wire (0.1 mm¢ x 106 mm) immersed axially in the renneted whole milk (volume, 660L) adequately monitored the whole process of milk curd coagulation in
the actual cheesemaking. In addition, the temperature of the hot
wire referred to the initial temperature resulted in the kinematic
viscosity of the coagulating milks.

INTRODUCTION
COAGULATION of milk is the fundamental process in
cheesemaking. This is usually accomplished by adding
rennet extracted from the stomachs of calves. The curd
formation is believed to occur in two phases, a primary
(proteolytic) and a secondary (clotting) phase. The extensive
but not complete conversion of casein to paracasein by the
enzyme rennin (EC 3.4.23.4) in rennet resulted in milk
coagulation in the presence of calcium ions (Green et al.,
1978; Dalgleish, 1979; Dalgleish ,et al., I 981). The milk
coagulum becomes nrmer as linkages between casein micelles increase, until the curd structure consists of fat droplets
and some whey trapped in a continuous matrix of casein
(Zviedrans, 1983).
Objective measurements of the curd-f1rming of renneted
milk would be of great value in industry. The determination
of the optimum time for curd cutting will allow the whey
to be drained properly and keep losses of curd nnes and fat
in whey to a minimum; curdmaking conditions affect the
yield and quality of cheese and must be strictly controlled
(Thomasow and Voss, 1977; Marshall et al., 1982). An
optimum cutting time is established by the cheesemaker
who "feels" the curd and uses his own subjective judgment.
This technique is accurate and acceptable if the evaluation
is made properly. No subjective methods, however, may be
useful for commercial operations with closed vats.
Few objective methods are available for direct measurement of the clotting phase during the treatment in the
actual cheesemaking vat. Various methods based mainly on
rheological, spectroscopic or ultrasonic principle have been
developed but each has some drawback (Thomasow and
Voss, 1976). The instruments for the viscometric methods
(e.g., Scott Blair and Oosthizen, 1961; Kopelman and
Cogan, 1976; Garnot and Olson, 1981; Bynum and Olson,
1982) which cut curd or exposed it to strong mechanical
stress had the disadvantage that whey was released due to a
syneresis which gave varying results. Moreover, not more
than one measurement can normally be made with the
viscometric methods. The torsion viscometers (e.g., Olson
and Bottazzi, 1977 for "Thrombelastograph"; McMahon
and Brown, 1982 for "Formagraph") and the pressure

Aurhor Hori is affiliared wirh Snow Brand Milk Products Co Ltd
Technical Research lnsrirure. 1·2. Minamidai l·chome.' Ka:Vago;:
Sairama. 350 Japan.

transducer (e.g., Hatfield, 19131; Marshall eta!., 1982) still
exposed the curd to stress and deformation. The application of spectroscopic (e.g., Dalgleish et al., 1981; Hardy and
Fanni, 1981; Surkov et al., 1982) and ultrasonic (e.g.,
·Everson and Winder, 1968) methods were limited to
scientific usage.
A thermal, or line heat source, method would be a new
procedure for monitoring the process of curd formation,
because heat conduction does not destroy the coagulum.
Fundamental studies of milk coagulation require nondestructive, continuous and objective measurements. These
measurements will determine the physical properties which
significantly characterize and describe the structural changes
of the curd during rennet treatment.
The objective of this research is to establish a new objective method for direct measurements of the process of
curd formation during rennet treatment in cheesemaking.
MATERIALS & METHODS
Sample
Skim milk and whole milk were used in the study. Spray-dried
skim milk (protein, 36.1% db; fat, 0.8% db) was reconstituted with
distilled water to obtain the skim milk sample {solids, 10.0% wb;
2
11 = 1.368 x 10-6m /sat 30.0"C). Fresh whole milk {solids, 12.0%
wb; fat, 3.5% wb; protein, 3.1% wb; ash, 0. 7% wb) was pasteurized
at 75"C for 15 sec immediately before rennet treatment • The 11
value of the pasteurized whole milk sample was 1.377 x 10-6 m 2 /s
at 3o.o·c.
Distilled water {4.4-51.9"C) was used as the standard liquid.
Rennet treatment of milk samples
Milk samples were treated with rennin from calf stomach. The
skim milk sample {volume, 900 mL) in a cylindrical flask {90 mm4>
x 180 mm) was treated at pH 6.59 and 30.0 ± 0.1"C with crystallized and lyophilized enzyme rennin (40,000 and 200,000 units/
kg-milk, from Sigma Chemical Co., SL Louis, MO). Skim milk
coagulation was also done at pH = 5.53-6.59, 8 = 30.0-40.0"C
and c;. = 5,400-595,000 units/kg-milk; Glucono-li-Lactone {Cg 00.20% wb) was added to acidify milk samples. One unit enzyme
coagulated 10 mL milk per min at 3o•c. Tite whole milk samples
(volume, 130L or 660L) in the chcesemaking vat (545 mm x 850
mm x 305 mm or 900 mm x 1,600 mm x 480 mm) were coagulated at pH 6.55 and 30.0 :!: 0.1"C by calf rennet (0.0035% wb,
approximately 5,000 units/kg-milk, from Chr. Hansen, Copenhagen).
Annato food color (0.005% wb), KN0 3 (0.02% wb) and starter
bacteria culture (0.5% wb, pH 4.53 at 5"C) were added to the whole
milk sample.

=

Cheesemaking
St. Paulin cheese was manufactu~ed from the whole milk curds
cut under three conditions. Whole milk samples (130L) in the
smaller vats were tn:ated with calf rennet for 35, 50, and 80 min
prior to curtin~ curd with a wirt' knife (opening, 10 mm). TI1e cubic
curd cranuies cooked for 45 min at 30°C and another 45 min at
34°C -wcre subjcctcd to swti<.: pressure !980 Pa fnr the initial 30 min
in the vat, and 9.8 kPa for another 30 min in lht• cheese mould (87
mmC> x 65 mm)l to nhtain thc t7ccn d1ccse samph:s. The ,:rrcn
cheese was salted (2.3':; wb) :111d coated with L"l1c.:csc wa~ (thickness,
2 rnm) prior to ripen in~ (12 wk at li°C) for scnstlry evaluation of
chce'c quJIIt).
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Sensory evaluation fur curd

firmnes.~

and cheese quality

Subjrctive measurements were made on the acceptability (firmness) <lf the curd to determine the empirical optimum cutting time.
An index finger was inserted at an acute angle in the curd and was
brought up gently to form a cleavage. This cleavage, if clean and
smooth, indi<.:ated the curd was ready; if it was ragged, it indkated
the curd was not ready. Sensory judgments for curd lirmn~ss were
carried out for 18 vats (3 vats/wk) with 660L whole milk.
f-lavor, hardness, springness, mouthfecl, and acceptability of the
ripened cheese samples were evaluated with the Scheffe's method
for paired comparisons (Schcffc, 1952). The sensory tests were
made under the following conditions: Experienced (about once every
2 wk for more than 2 yr) panelists affiliated with our technical
research institute evaluated the paired che~se samples (about 20g,
I 0°C; each on separate white plate). All judgments were conducted
in individual, partitioned booths maintained at 20"C, under I 00 W
white bulbs in each booth. Pair~d comparisons by the Scheffc's
method (rating, -3, -2, -1, 0, +1, +2, +3) were mad~ by 40 panelists. Each panelist judged thre~ different pairs for 15 min. All judgments were finished in 2 days.
Hot wire measurements
Th~ development of temperature was observed in an electrically
·heated wire for monitoring the process of curd formation. A platinum wire (0.1 mmct> x 106 mm, Fig. 1) immersed axially in the
samples (900 mL for skim milk or water in the flask; l30L or 660L
for whole milk in the cheesemaking vat) were heated with constant
direct electric current (0. 7 A for milks, 0.5-l.OA for water). The
temperature measurements were made automatically at regular
intervals (5 sec) during rennet treatment with a data acquisition and
control unit (model 3497 A from Hewlett Packard Co., California)
directly connected to a desk top computer (model 86 from H.P.
Co.). The electric current was supplied with 0.014% accuracy to
attain constant heat generation in the platinum hot wire with a
power supply (model 2853/2862 from Yokogawa Electric Works,

Ltd., Tokyo), while the
to 0.044% accuracy by:

t~mperature

of the hot wire was calculated

(1)

The exact values of R 0 and Crw of the platinum wire used in this
study were 1.364892n and 3.8166 x 10- 3 1/K.
The tempcr:.turc measurements for the water sampl.:s (4.451.90C) were repeated 12 times at rep1lar intervals (5 sec) in each
measurement. The samples were initially in thermal equilibrium.
For the whole milk sample, the hot wire sensor (Fig. 1) was
lowered in the cheesemaking vat and placed in a fixed position
prior to the steam sterilization of the vat.

RESULTS & DISCUSSION
Monitoring the process of curd formation in
cheese making vat by the hot wire method
The temperature of the electricaly heated platinum wire
was sensitive to the process of curd formation of the milk
samples. The 8w value which was independent of time for
several minutes after rennet addition increased drastically
when visual clotting was observed; the (d8wfdt) value decreased with time until tl~e 8 w value reached the equilibrium value (Fig. 2). The initial linear portion of the Bw vs tr
curve suggested the enzymatic reaction or splitting of K·
casein by rennin (the primary phase of coagulation), while
the convex portion showed the nonenzymatic changes or
coagulation of casein micelles (the secondary phase).
The hot wire detected the clotting time and adequately
monitored the whole process of milk coagulation. The
8w vs time curve characterized the curdling process, when
the whole milk sample (volume, 660L) was rennet-treated
in the actual cheesemaking vat as follows (Fig. 3): After the
pasteurized milk was stirred gently to cool it to the required coagulation temperature, or 30°C, the starter culture was added (Fig. 3, #I); calf rennet (0.0035% wb or
approximately 5,000 units/kg-milk) was added to the milk
(pH 6.55) acidified for 15 min (Fig. 3, #2); visual clotting
when the Bw value increased abruptly (Fig. 3, #3) was
followed by the progress of curd development, until the
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Fig. 1-Hor wire sensor for the nondestructive. continuous and
object1ve measurements of milk coagulation.
,,~,

after rennet

add it ion

Fig. 2-1/lustrative relationship between temperature of the hot
wife and time afrer renner addition during rennet treatment of
milks.

coagulum reached the empirical optimum firmness for
cutting at tr = 60 min (Fig. 3, #4 ).

spectively; Fig. 4) led to different yields of solids content in
cheese (the yield is the% content of whole milk). Although
the yield values of fat and protein content in curds 45 min
after cutting were independent of ~t. these values in cheese
for .:lt = 15.7 min decreased by 6-7% as compared to those
for .:lt = 31.0 and 60.0 min. That is, higher yield for solids
content in cheese was obtained with longer cutting time. In
addition, the yield of cheese, taking account of changes
in moisture of cheese, increased with increasing .:lt (Fig. 5 ).
The quality of cheese, on the contrary, decreased with

Effect of cutting time for curd on the yield
and quality of cheese
The yield of solids content in cheese decreased with
decreasing cutting time. The curdmaking in the smaller vats
( 130L) for three different cutting times (~t = 15.7, 31. 0,
and 60.0 min for tc = 19.34, 19.00, and 20.00 min, re-
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Fig. 3- Temperature measurement$ of the hot wire during the
process of curd formation of whole milk (volume. 660L; Cr ~ 5,000
unit$/kg·milk) at 30°C in the actual cheesemaking: #1, starter
culrure addition; #2, rennet addition; #3. clotting time; #4, empiri·
cal required firmness for cutting curds.

Fig. 4-Relationship between the increasing temperature of the hot
wire referred to initial temperature during nmneting of whole milk
(volume. 660L; Cr • 5,000 unit$/kg-milk) ar 3o•c and the rimes for
cutting curds (#1. 2. 3} to evaluate the effect of ..O.t on the yields
and quality of cheese.
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ment showed that tc of skim milk sample decreased exponentially with increasing Cr, Cg and 0 (Fig. 7). In addition,
the interaction between Cr and C~ was significant (Table 1);
the effect of Cr on tc was maximum at lowest acidity (Cg =
0% wb) of milk sample and minimum at highest acidity
(Cg = 0.20% wb).
Skim milk coagulation monitored by the present method
led to the quantitative relationship between tc, pH, Cr and
e. This coagulation for tc ranging from 2.8-209.0 min was
measured under 60 conditions (Cr = 5,4 00-595,000 units/
0
kg-milk, pH = 5.53-6.59, 0 = 30.0-40.0 C). The following
regression formula suggested that pH of milk would be the
fundamental factor which must be strictly controlled in
automation of curdmaking (Fig. 8):

the increasing cutting time. The rating for flavor, springness, mouthfeel, and acceptability significantly decreased
with the increasing At, while hardness increased with the
increasing At (Fig. 6).
The objective measurements by the present method
determine the proper time at which the milk curd should be
cut. The curd would be ready if the time referred to the hot
wire coagulation time reached about 30 min, because the
acceptability of ripened cheese samples significantly decreased for At > 30 min (Fig. 6) despite the small increase
of the yields of fat and protein content in green cheese
(Fig. 5).
No knowledge of the general composition of the cheese
milk was required first so that the hot wire could be adjusted before starting. The higher the viscosity of the milk
increased, the higher the initial temperature in the linear
portion of the curve (Fig. 2). Initial readings of Ow were
increased by up to one degree by build-up of milk stone or
calcium deposits on the wire used in this study. The increase was measurable but its effect was minimal, because
the relative, not absolute, temperature behavior of the wire
determiend the optimum time for cutting curd.

log tc = 0.0776 (log Cr) 2 - 0.446log Cr
+1.29 (pH) 2 - 14.3 pH- 0.00410 0 2
+ 0.414
0.0272
log Cr + 35.3

e-

Theoretical considerations
The Ow measurements by the present method characterized the heat transfer behavior at the surface of the electrically heated wire. In the steady-state, Fourier's equation
for heat conduction in the radial direction in an infinite
cylinder immersed axially in the liquid,

Effect of rennet concentration, pH and temperature ·
milk clotting time
-

The effect of rennet concentration on milk clotting time
decreased with increasing acidity. The hot wire measure-

-
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where multiple correlation coefficient was 0.962 for n = 60.
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.,

1

-=a ('i/* T +-W)

at ,

(3)

A

a2

1

a

'iJ2=-+-ar2 r ar

(4)

resulted in the following formula (Grigull, 1961 ):
W·d

a=-4.M

(5)

Thus, the decreasing a value at the surface of the hot wire
led to the increasing 8w during the progress of curd formation (Fig. 3); Le., the heat transfer with the free convection
current around the wire varied with the coagulation. The
rapid decrease of 8w with time in the 8w vs time curve resulted from the stirring of milk for cooling and mixing; the
rapid increase of a value with forced convection current
resulted in the sudden decrease of 8w.
In particular, the accurate determination of a value by
the present method described the heat transfer around the
hot wire. The ~recise t:J.8 measurements for the distilled
water ( 4.4-51.9 C for Pr = 3.11-10.4 7) showed that the
heat transfer around the wire in the- steady-state was characterized by the significant relationship between Nusselt
number and Grashof number as follows (Fig. 9, coefficient
of correlation between log Nu and log Gr = 0.998 for n =
18):
Nu = 1.21

Gr 0· 221

where

(6)

(7)

Gr = d 3 g/3t..8 jv2

(8)

To determine the values of Nu and Gr for the water sample,
the g and (J values of the water were postulated to be constant in the temperature range, 4.4-51.9°C, while the v and
A values for the water were calculated by the following
regression formulae:
v= (1.7907- 6.0037 x lo- 2 8 + 1.3427
X

}0- 3 8 2 - 1.7548 X IQ-S 83 + 9.5963
x to- 8 8 4 ) x 10-6, m2/s

(9)

for 0°C < 8 < 60°C, which was obtained by the present
author on the basis of the recommended v values (Tokyo
Astronomical 0 bservatory, 1980 ), and

A= o.5617 + 2.oo5 x to- 3 8- 8.49
x IQ-6

8 2 , W/(m•K)

(10)

Table 1-Analysis of variance for milk clotting time of skim milk
(solids, 10% wb)

v

F

2
3
2
6
4
6

19510.
14580.
980.7
4352.
43.02
18.52

440.818
329.500
22.158
98.325
0.972
0.418

Error

12

44.26

Total

35

Factor

Cr

c;
8

CrxCg
Cr X 8
Cg X 8
100

Nu =ad{")-..

d.f.

...

••• significant (0.1 %)

-~Jso
u
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Fig. 7-Effecr of renner concentration, Glucono-o-Lacrone concentration and temperature on milk clorring rime (skim milk; solids,
10% wb) measured by the hot wire method.
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Fig. 8-Relationship berween rennet concentration, pH and milk
clotting rime (skim milk; solids, TO% wb; 30°C) measured by the
hot wire method.
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Moreover, Eq. (15) indicated that the t:..O measurements
characterized the process of curd formation by the following formula:

-0.1!.======::::::;=::::;--------,
o Water( 51.9 ·c)

(27.7*C)
c 4.4 ·c)

CD

•

(16)

-0.2
:::l

z

~0.3

-0.4

-2.5

-20

-1.5

-4Gr

-to

Fig. 9-Relationship between Nusselt number and Grashof number,
describing the heat transfer at the surface of the hot wire (platinum,
0. 1 mmrf> x 106 mm) immersed axially in the distilled warer (4.451.90C).

for 0°C < () < 100°C (Nagasaka and Nagashima, 1980). Eq.
(6) is applicable to the milk coagulation system, because
the Pr values for milk samples are postulated to be equal
those for the distilled water at a given temperature.
The theory of heat transfer for free convecton current
showed the reliability and acceptability of Eq. (6) for
scientific use. Nusselt ( 1915) proved that the heat transfer
in the free convection current system was described by the
formula:
Nu = f (Gr, Pr)

(11)

At sufficiently small Reynolds number of the system, Eq.
(11) is rewritten as follows (Lorentz, 1881):
Nu

= f (Gr • Pr)

(12)

Eq. (6) indicated that Eq. (12) can be rewritten by:
Nu = c 1 f (Gr)

(13)

for Pr = 3.11-10.47.
Thus, the t:..O measurements directly resulted in the
kinematic viscosity of the milk samples during rennet treatment. From Eq. (5) and (6), the v value was determined by:

llr

= 35.4 (g/3)o.s

d-3.03 (ArfW)2.26 t:,.(J2.76

{14)

where the subscript, f, means that the values are taken at
(}=Ow - t:..Oj2. In addition to the normally constant g and
{3 values, the A value of milk samples in Eq. ( 14) was postulated to be constant during rennet treatment (Hori, 1983 ).
Therefore, when constant heJt generation was made in the
wire, Eq. (14) can be rewritten by:
(!5)

where c2 is related to the sample and to the sensoring wire
used.
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The t:..O measurements by the present method characterized
the kinematic viscosity behavior of the coagulating milks:
e.g., the dimensionless v• value increased by approximately
nine times as compared to the initial v• value, when the
curd of whole milk sample reached the empirical required
firmness. The v• value for the skim milk samples, on the
other hand, increased by approximately five times (Cr =
40,000 units/kg-milk) or by approximately 6.5 times (Cr =
200,000 units/kg-milk) (Fig. 10); neither curds of skim
milk sample reached the required firmness for cutting.
In general, the 11* vs time curve characterized the coagulation "rate" behavior of the casein micelles in the renneted
milks. Overbeek ( 1949) proved that the collision frequency
of the micelles (kd = 4kTN/311p) equals a von Smoluchowski rate constant for coagulation (k 5 ) (von Smoluchowski,
1918) if the reaction is a fast coagulation, having no energy
barrier to the coagulation of colliding particles. Dalgleish
( 1983) showed that the ratio of the experimental k 5 values
to the calculated kd values was postulated to be constant
at a given temperature, although the direct measurement of
these k5 values from the turbidity measurements proved
that the coagulation reaction had a significant activation
energy. Thus, the (}w measurements which lead to the 11
value can characterize the rate of coagulating casein micelles, providing an excellent contribution to the existing
scientific literature on milk coagulation.
CONCLUSIONS
THE NONDESTRUCTIVE, continuous and objective measurements by the hot wire method adequately monitored
the whole process of milk curd formation in cheesemaking;
this indicated the practical potential of the present method
and use to the cheese industry.
NOMENCLATURE

0

Temperature, °C
T
Temperature, K
8w Temperature of the wire, °C
t:..(} Temperature of the wire referred to the initial temperature, K or °C
t:..8 0 Initial value of t:..O, K or °C
R
Electric resistance of the wire, !1
Ru Rat 0°C, n
O:w
Coefficient for R varying with temperature, 1/K
t
Time, sec
tr
Time after rennet addition, min
tc
Milk clotting time or tr at which milk begins to clot,
min
~t
Time for cutting curds referred to tc, min
a
Thermal diffusivity, m2/s
/..
Thermal conductivity, W/(m • K)
Ar
Aat(}= Bw- t:..0/2, W/(m·K)
W
Heat generated in the wire, J/m 3
a:
Heat-transfer coefficient, W/(m2.K)
r
Distance from the .center of the wire in the radial
direction, m
d
Diameter of the wire, m
g
Gravitational acceleration, mjs 2
{3
Coefficient of volumetric expansion, 1/K
v
Kinematic viscosity, m 2 (s
Vr
llatl3=8w-t:.(Jj2,m 2 ;s
v*
Rel:Jtive kinematic viscosity,Nu Nusselt number,-

10~------------------------.

7~--------------------------~

Cr = 40,000

!Skim Milk!
90

120

t r, min
Fig. to-DevtJiopment of rela-tive kinematic viscosity during the rennet treatment of milks with Cr "5,000, 40,000.and 200.000 units/kg-milk.

k

N
p
cl
c2

n
db
wb

Grashof number,Prandlt number,Rennet concentration, units/kg-milk
Glucono-0-Lactone concentration,% wb
Collision frequency of the micelles, m 3/(s•mol)
von Smoluchowski rate constant for coagulation,
m3/(s·mol)
Boltzmann constant, 1/K
Avogadro's number, 1/mol
Density, kg/m 3
Numerical constant in Eq. ( 13), Numerical constant in Eq. (15), m 2 /(s•K·A)
Number of measurements,Dry basis,Wet basis,REFERENCES
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Consumer Trends Toward Cheese and What the Future Holds
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Logan, Utah
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In the past, companies could expand their production in part
through the expanded growth of the American population.
Today,
however, population growth is approaching zero.
Efforts toward
expansion now involve competition for a share of the same
consumers market basket.
When asked what factors are important characteristics in
food, consumers consider safety first, followed by good taste,
high quality, convenience, and nutrition.
I will focus on each
of these as related to cheese, note trends, and suggest how these
may impact cheese use and consumption.
Despite the Listeria outbreak in 1985, cheese is not
perceived by the consumer as a risky food.
The contaminated
cheese did not have a national market and the cheese was a
specialty product rather than a mainstay like cheddar, jack, or
mozzarella.
In addition, frequent monitoring and strict
reinforcement of safety standards has resulted in product recalls
before food illness outbreaks. Therefore cheese's images has not
been tarnish.
There is no recent examinations of consumer perceptions of
cheese quality and flavor in the literature.
Work done in the
early 1980's indicates that cheese is perceived as a nutritious
high quality item.
It is considered expensive, but a good buy
and appropriate for snacking, for main dishes, and for guests.
Cheese has a strong positive image.
People's life styles influence food choice.
The
contemporary life style of more single heads of households and
two parent working families has moved convenience from a pleasant
luxury to a necessity.
Certainly straight cheese is convenient
to consume, slice it and eat it. This has been a positive factor
in consumption.
Consumers also appreciate variety, and the
industry has responded with cheese in combination with herbs and
vegetables.
Can the industry respond to this trend with more
innovations?

•

Food industries anticipating future markets note the
tremendous
increase in microwave oven purchase. This appliance
was owned by 10 % of the population in 1980, penetration is
approaching 70 % in 1988. Analysts speculate that in the future,
one microwave is not going to be adequate for many households.
People don't like to wait for one meal while another is heating.
Some speculate that the kitchen of the future will have a bank of
small microwaves offering the convenience of heating many

different dishes at once.
Ovens featuring microwaves and
convection heating are also increasingly popular.
Not only do microwaves offer convenience at home, they are
influencing food consumption at the work place and even traveling
to work.
People are spending more time commuting.
Analysts
predict microwaves in cars, they are already in the office,
Pillsbury, the sponsor of this study, is now focusing on
microwaveable snacks and meals that can be held and consumed with
one hand.
The other hand, of course, is driving the car, or
performing some task in the office.
How do cheese products fit with this future? Melted cheese
sandwiches, nachos, and pizza come to mind. Is this market being
developed as fully as possible?
.An examination of successful new products in 1986 shows
over 6 thousand introductions in all. Condiments lead the field
with 1180 new products.
Dairy products, with 852 new items,
consist primarily of yogurt and ice cream.
Convenience products
like single-serving cottage cheese, drinkable yogurt, and
microwaveable ice cream sundae are also noteable.
Are cheese
containing products represented as fully as they should be?
The away-from home market has increased tremendously in
recent years.
This market, representing 44% of the food dollar,.
consists of both food purchased and eaten at fas~ food
establishments and that taken home from the fast food outlet and
the supermarket.
Burgers and pizza are most often selected,
followed by chicken.
Cheese is represented here in many of the
combination cooked items and in many salad bars.
However, it is
difficult to find in the U.S. the convenient cheese snacks
available in other countries. Supermarkets offer other items in
a convenient ready-to-eat format, why not cheese?
High cost does not seem to be a hindrance for many new
products. Income distribution is changing. A larger proportion
of the population is in the upper income bracket. Because of the
changing age distribution, the 35-54 age segment is a significant
market in regards to size.
This age group also possesses the
highest proportion of income and therefore is a significant
marketing target. Generally people in this group are willing to
trade up.
Novelty, ethnic or higher priced items featuring
convenience could appeal to this market segment.

•

Expansion of an ethnic market offers real opportunities to
the cheese industry.
The Hispanic market traditionally uses
cheese, but the cheddar this group expects is white.
There is a
market for special varieties unique to Hispanics.
The Hispanic
market is growing so much in southern California that a major
supermarket chain is opening markets targeted to this group.
Product introduction should be accompanied by advertising on
Spanish language TV stations and in Spanish language newspapers.

Other ethnic groups are dominant in different areas of the
country. Greeks have special cheeses as do others. An expansion
of ethnic varieties appeals to that group and to the general
population who are seeking novelty and variety.
In regards to nutritional issues, consumers are revealing an
increased concern for fat content.
For the last several years,
the Food Marketing Institute (FMI) has examined consumer
attitudes and behavior toward a variety of food issues.
Concern
about the nutritional content of the diet has been relatively
steady.
People expressing nutritional concerns are asked, in an open
ended question, to identify the nature of their concern. The fat
content of the diet has been among the top three concerns for the
last few years, but in 1988 it surpassed all other concerns for
the first time.
Is this a real concern that the consumer will act on, or is
it a situation in which the consumer is merely telling the
interviewer what they think they should say?
To explore this
condition further, we can examine consumer response to other
situations.
A national survey focusing on fresh produce found that
people say they are eating more produce because of their belief
that these food have a positive impact
on health.
Sales data
confirm an increase in fruit and vegetable consumption.
In this
regard, at least, people appear to be following their concern
with action.
Questions about changes in meal preparation asked again in
the FMI
1988 national sample, brought a response that many are
using less frying and adding less fat.
Microwaving and broiling
are increasing. This also seems consistent with true behavior.
This and other trends , like the decreased use of whole
milk, the increase in low fat milk, suggest that consumers will
follow through on their concerns and will strive to decrease fat
consumption.
Focus group data obtained from California consumers through
the California Milk Advisory Board, found that consumers
currently do not perceive cheese as a high fat food.
They use
words like rich and satisfying with cheese, but do not appear to
associate fat content with the product.

•

This may well change.
Dietitians
and other health
professionals are beginning to alert their patents regarding the
fat content of a variety of products including cheese.
The fat
issue is being driven by heart disease, weight control, calories,
and cancer.
In the next 2 years, health groups will issue new
diets supporting high fat content as a detrimental factor in the
diet.

The move to develop low fat cheese is a positive response to
this trend. The industry must consider how to best identify this
product to the consumer. Calling it "low fat" draws attention to
a negative factor and may tend to highlight the fact that cheese
is a high fat food.
There is a strong feeling among some
marketing specialists that "light" conveys the same feeling of
healthful, natural, and lower calorie, without drawing attention
to the undesirable feature and therefore not tarnishing the image
of regular cheese. This is a consideration that the industry may
wish to explore more fully.
Regulatory and labeling issues continue to be complex and
may restrict product innovation.
Some l-abels describing what a
product is not, could create a negative image about the
wholesomeness of the natural product and the qualities of the
analog. The word "imitation" is also poorly perceived; imitation
products are not considered a good buy even if they may be less
expensive.
The cheese industry may wish to review labeling
regulations so they do not stifle product innovation and impede
the expansion of the use of dairy products.
Descriptive,
informative labeling, for example, may be substituted for current
standards.
Consumers view cheese positively. There will continue to be
a strong market for natural cheese products.
There is potential
for substantial expansion in novelty, convenient, ethnic, and
lower fat quality products .

•
4
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The consuming public is demanding lowfat food items.

In my

opinion,

this demand will become even more real and will

escalate.

While this issue could be discussed at length from a

nutritional viewpoint, the dairy industry must pursue information
dealing with the manufacture of top quality lowfat dairy
products.

Since cheese is such a shining star for the dairy

industry, if lowfat cheeses are to succeed, and not detract from
the positive image, they must be of superior quality.

Further,

with the advent and increased use of ultrafiltration (UP) and
inherent advantages proposed for

its use

in the

cheese

manufacture, the combination of UP and lowfat properties appear
to be a situation worth considering.
Green

(1984)

indicated that the primary purpose of

cheesemaking coagulants was the conversion of liquid milk to a
gel and that this could be catalyzed by many different proteases.
The problem comes in that part of the coagulant can survive the
cheesemaking process; therefore, the enzymic activity persists
in the whey and in the final curd.

That activity in the curd

normally contributes to proteolysis during ripening.

She

indicates that the amount and type of proteolysis depends upon
the activity and the specificity of their enzyme.

•

This can

affect the flavor and texture which is developed in the cheese •

She

further

indicates,

that

if

the

coagulant

is

highly

proteolytic, there may also be significant hydrolysis of the
casein during cheesemaking which can obviously result in reduced
cheese yields.
Van Hooydonk

(1987)

indicated that the clotting of milk is

initiated by specific enzymic hydrolysis of k-casein.

This

alters the properties of casein micelles in such a way that they
become unstable and start to aggregate.

As aggregation proceeds,

Van Hooydonk stressed that a three dimensional network of casein
micelles would eventually form.
One of the chief factors affecting cheesemaking potential
(without considering coagulants)

is milk 'composition.

This

becomes a very important factor with regard to cheese body and
texture.

Green (1984) showed this relationship as follows:

MILK COMPOSITION

l

COAGULUM

STRUCTURE~

l1

~COAGULUM

CHEESE STRUCTURE
.....

'

CHEESE TEXTURE k Fig. 6.

.

~<-

l

PROPERTIES

, CHEESE COMPOSITION
/

C'HEESE FLAVOUR

~

CHEESE YIELD

Means by which milk composition affects yields and
properties of cheese.
(Source:

Green, 1984)

2

She indicated that the basic link between these cheesemaking
stages between rennet treatment and pressing appeared to be
driven by the continuing tendency of casein to aggregate.
Cheryan et al.

(1975) basically divided the coagulation of

milk into two phases:

(a) the primary (or enzymic

phase)~

and

(b) the secondary (or non-enzymic phase) -this is the phase in
which the milk subsequently gels and forms a clot.

These workers

studied immobilized enzymes in evaluating the secondary phase
apart from the enzymic phase of milk coagulation.

They stressed

the economic potential that this type of system could have on
continuous coagulation processes.
Green (1977) indicated that an important factor determining
the suitability of a coagulant is the ratio of clotting and
proteolytic activities.

She indicated that most substitutes are

more proteolytic than rennet relative to their specific clotting
activity.

As indicated previously, excessive proteolytic

activity can adversely affect cheese yield.

One exception to the

rennet substitutes is pig pepsin which is less proteolytic than
rennet during ripening.
later.

This will be discussed in more detail

She further indicated that for satisfactory cheesemaking,

it is essential that the coagulant and conditions used enable a
curd of the desired physical properties to be formed.

She

indicated that firmness and syneresis should be similar to those
when rennet is used.

She reported that the rate of increase in

viscosity after clotting varies considerably with different
coagulants although this does not appear to have a major impact
3

on the properties of the finished cheese.
McMahon and Brown (1985) reported on the effects of enzyme
They indicated that the rate of

type on milk coagulation.

increase of curd firming decreases as the extent of non-specific
proteolysis increases.
relative curd firming

They reported the effect of enzymes on
rates,

from greatest to least, was

chymosin, calf rennet, Mucor miehei proteinase, Mucor pusillus
proteinase, adult bovine rennet, calf rennet-porcine pepsin
(50: 50) , bovine peps in.

They further noted that when porcine

pepsin was used, the effect of proteolytic specificity on curd
firming was confounded by loss of activity of porcine pepsin at
the normal pH of milk.

However,

they did not

find

any

significant differences in curd firmness among commercial milk
coagulants three hours after enzyme addition.

Normally pig

pepsin is considered to be unstable above pH 6.0.
Sellars (1982) reported on a detailed commercial scale study
of the effect of cheese coagulants on percent cheese yields.

He

summarized by indicating that when statistically abnormal vats
were excluded, calf rennet produced the highest net weight yields
(9.9474%)

followed by a mixture of chymosin and a higher

percentage of bovine pepsin (9.909%).

Other combinations of

chymosin, bovine pepsin and hog pepsin were included in the study
along with a microbial coagulator.

He indicated that throughout

the study potential factors which could influence yield recovery
were rigidly controlled.

This indicates again that when

substitutes for rennet are considered, the amount of cheese
4

produced along with the resulting cheese quality must be the two
prime factors considered.

Mixing coagulators together

obviously very common and Green

(1977)

is

indicated that this

approach had been successful in the use of 50:50 mixture of
rennet with pig pepsin.

Nelson (1975) indicated that while the

use of pig pepsin by itself as a coagulant presented some
difficulties,

a

rennet:pig pepsin 50:50 mixture would be

considered generally suitable for commercial cheesemaking and was
used at that time for about 40% of

u.s.

cheese production.

Kay and Valler (1981) in addressing the situation of rennet
substitutes, reported that a world wide shortage of calf rennet
had developed which has prompted a search to ensure adequate
substitutes.

They categorized these substitutes as falling into

one of two classes:

(1) extracts from the stomachs of other

animals, eg., pig and cow pepsin;
microorganisms.

and

(2)

proteinases from

They indicated that enzymes in the first

category are produced in precursor form while those in the latter
group are not.

These workers reported on the aspartate

proteinases to include chymosin as well as pig and cow pepsin and
chicken pepsin.

They indicated that the pig and cow pepsins were

unstable above pH 6.0, chymosin pH 6.5 and chicken pepsin pH 8.0.
Apparently, on a world wide basis, a good bit of chicken pepsin
is used as a coagulant in the manufacture of cheeses.
Husek and Dedek (1981)

in working with chicken pepsin and

its possible use in cheesemaking,

concluded that partial

substitution of rennet by chicken pepsin was possible up to 30%
5

without changes in the quality of Edam cheese.

They reported

that during cheesemaking with partial substitutions of rennet by
this chicken pepsin, the ripening was found to be more thorough
and complete.

As indicated previously, a more pronounced and

less specific proteolysis of casein was observed than was with
calf rennet.
In an early work Green (1972), compared swine, bovine and
chicken pepsins as rennet substitutes for cheddar cheesemaking.
She compared these different enzymes according to the following
criteria: (1) the milk clotting activity recovered in relation to
the amount of starting material, total protein and labor; (2) the
convenience of the material for use in cheesemaking;

(3) the

behavior of the curd during the cheesemaking process; and (4) the
quality of the cheese produced.

Duplicate cheeses were made from

each of the swine, bovine and chicken pepsins with rennet as a
standard in each trial.

The cheesemaking process was similar

with each enzyme, but differences appeared during ripening.

The

chicken-pepsin cheeses had poor body and weak Cheddar cheese
flavor with many and intense off-flavors.

The cheeses made with

bovine and swine pepsins were only slightly inferior in quality
and intensity of Cheddar cheese flavor to the rennet cheeses.
She indicated that from a simulated cheesemaking experiment, it
was concluded that 30-40% of the added rennet, bovine pepsin and
chicken pepsin were probably inactivated during the cheesemaking
process and that most or all of the swine pepsin was lost.
•

She

indicated that swine pepsin would appear to be suitable if the
6

ripening time were to be lengthened or if another enzyme were to
be added to assist ripening.
In a later work along the same line, Green et al.

(1984)

looked at purified and commercial chicken pepsin preparations as
coagulants for Cheddar cheesemaking.

They found that cheeses

made with chicken pepsins alone showed faster proteolysis, more
intense flavors, off-flavors and bitterness and were softer than
those made with rennet.

They indicated that cheeses made with

chicken pepsins/rennet mixtures were intermediate and those made
with chicken pepsins/pig pepsin mixtures were similar to those
They concluded that neither of the chicken

made with rennet.

pepsins were suitable for Cheddar cheesemaking.
Ernstrom

(1986)

studied the effect

Farkye and

of porcine pepsin on

proteolysis of Cheddar cheese during ripening.

These were

evaluated based on so many clotting units per quantity of milk
from which the cheese was made.

They added these coagulants at

levels necessary to achieve a uniform setting time of 25-30
) minutes.

A milling pH of 5.40 was used in the study.

Cheese of

satisfactory quality was made.
Ernst rom

(1987)

indicated that if milk clotting enzymes

contribute to protein breakdown during cheese curing, some of the
enzyme must remain active in the curd.
which evaluated this phenomenon.

He reported on studies

Some of the conclusions drawn

in this very complete work were as follows:

•

Mucor microbial

(1) The original

rennets are very stable and no activity is

destroyed during Cheddar cheese making •
7

Most of the activity

ends up in the whey;

(2) Porcine pepsin is probably the most

unstable of all the common milk clotting enzymes.

As indicated

previously, at pH 6.6-6.7 (pH of normal milk), its activity and
stability are substantially reduced from its natural environment
(hogs stomach-pH 2.0) therefore, if porcine pepsin is added to
the cheese milk, it undergoes a certain amount of inactivation
even while it is clotting the milk.

Ernstrom indicates that the

problem is easily overcome by simply using more pepsin which is
not generally a concern since the enzyme is very inexpensive.

He

indicates that the more important question is whether the pepsin
survives the cheesemaking process and would remain active in the
curd during curing.

He indicates that the answer is clearly no.

Porcine pepsin does not survive Cheddar cheese manufacture if the
pH of milk is higher than 6.4 at setting;

(3)

Porcine pepsin

does not produce bitterness in cured cheese (because of the
reasons stated in (2) above); and

(4)

Porcine pepsin is not

recommended as a coagulant for mild cheese under three months of
age since body breakdown is too slow.

He indicates that for

medium and aged cheese, porcine pepsin could be an excellent
coagulant particularly if used as part of a blend that would
permit a substantial reduction in the amount of calf rennet
needed for coagulation.
Chen and Zall

(1986) have even evaluated thiol activated

proteases from clam viscera as a substitute for
cheesemaking.

rennet in

They found that clam rennet was more proteolytic

and produced a softer curd than a rennet cheese.
8

However, they

did note that influences of the pH and temperature on milk
clotting with clam rennet were very similar to those of calf
rennet.

Also, the Cheddar cheese made from clam rennet was not

inferior to the Cheddar cheese made from calf rennet.
Green et al. (1985) and Hicks et al. (1988) have reported on
the use of recombinant chymosin in the manufacture of cheese.
Green

et

al.

(1985)

concluded

that

the

cheesemaking

characteristics, recoveries of milk solids in the curd and
compositions were similar.

The rates and types of proteolysis

and texture development during ripening between cheeses made with
recombinant chymosin and with normal calf rennet were not
significantly different.

Hicks et al.

(1988)

noted no

differences between the yields of colby cheese manufactured with
calf rennet and with recombinant chymosin.

They reported that

initial Cheddar cheese manufactured with recombinant chymosin was
excessively bitter, typical of cheese retaining excessive amounts
of proteases.

They concluded that diluted enzyme preparations

were used successfully in the manufacture of Cheddar cheese.
Wong et al.

(1977) evaluated Cheddar cheese made with six

commercial milk clotting preparations.

The enzymes studied were

calf rennet, rennet-pepsin blend, and five mold derived enzymes
used according to manufacturers directions.

These workers

concluded that no significant differences in the composition of
the cheeses made could be attributed to the type of clotting
enzyme.
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Green (1977) concluded by saying that modifications being
made at that time in cheesemaking procedures, such as the use of
concentrated milk, offers exciting possibilities.

She indicated

that yields should be increased and other costs reduced.

She

stressed that the effects of milk concentration particularly from
ultrafiltration and of the addition of enzymes to curd on the
ripening process needed much more study.
brought much of this to fruition.

The past ten years have

Specifically in looking at

lowfat cheese development, McGregor (1988) attempted to optimize
lowfat Cheddar cheese made from milk which had been concentrated
by ultrafiltration and subjected to accelerated ripening
treatments.

In the initial development of the process, he

followed suggestions offered by Dr. Norm Olson and Mark Johnson
from the University of Wisconsin.

The initial phases of the

study dealt with the evaluation of the effects of acidification
and diafiltration during the UF of milk.

Analyses of the

retentate and the permeate revealed significant reductions in the
levels of lactose and calcium as expected.

Analysis of the

lowfat Cheddar cheese manufactured from acidified and diafiltered
UF low fat milk revealed a significant improvement in the flavor
and body and texture of cheese upon extended storage (12 months)
at 8oc.

Only calf rennet was used in this study.

In a current study, Cheddar cheese, Edam cheese, and lowfat
Cheddar cheese (made from both regular lowfat milk and lowfat
milk concentrated by ultrafiltration) are being used as models to

tt

evaluate six different coagulator types or blends.
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The

following coagulants are being used:
(2)

Porcine

pepsin:chymosin

pepsin:chymosin (80:20);
Pepsin (100%); and
While

the

(4)

(1) Calf rennet

(50:50);

(3)

Mucor Miehei (100%);

(100%);

Porcine
(5) Porcine

(6) Bovine pepsin (100%).

study

is

still

available will be presented.

underway,

some of the data

In looking first at the UF lowfat

Cheddar, cheese made from the six treatments did not differ at
all with regard to fat and moisture.

The mean fat content for

the milk was 1.9% which would result in a little higher fat
cheese than desired for lowfat Cheddar.

The mean % fat for the

retentate was 6.5 with a 19.5% value achieved in the resultant
cheese.

The total solids of the retentate was 21% with a 58%

total solids

(41. 5%+ .5%moisture).

Thus, compositionally, the

cheeses made from the different coagulants were identical.

The

pH of the cheeses did not differ with the values immediately
after removal from the press being 5.15.
With regard to the sensory evaluation of the UF lowfat
Cheddar, after 30 days aging at 7oc, all cheeses had a mean body
and texture score of 2 (scale 1-5).

The primary criticism of the

body and texture as it is with much of the lowfat cheeses, were
that of a curdy, very rubbery type texture.

The mean flavor

score for cheese made from each of the treatments was 8.0 (1-10).
The cheese had a

good flavor,

albeit bland.

detection of any off flavor at 30 days.
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There was

no

With regard to the Edam cheese, the cheese milk averaged
3.2% fat with the fat content in the Edam having a mean value of
24.0%.

The mean moisture level was a constant 42.0% for cheese

made from all coagulants.

The mean flavor scores for the Edam

after three months aging at different temperatures are shown in
Table 1.

As noted, the higher the ripening temperature the lower

the mean flavor scores for each of the coagulants.

The mean body

and texture scores for the Edam cheese after three months aging
at these different temperatures are shown in Table 2.

Again,

there was a slightly lower body and texture score for the cheeses
made from each of the coagulants at the higher
temperatures.

ripening

As indicated, this study is continuing with

results to be published.
Therefore, the selection of a coagulant for lowfat cheeses
and particularly cheeses made from milk which has been
concentrated by ultrafiltration is an important item in the
manufacture of the cheese.

The use of porcine pepsin as a blend

with chymosin looks very promising with regard to being used as a
coagulant in these lowfat UF cheeses.

At the end of the

ripening, hopefully specific recommendations can be made.
you.
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Thank

TABLE 1.

FLAVOR SCORES FOR EDAM AFTER 3 MO. AGING AS AFFECTED BY
DIFFERENT CHEESE COAGULANTS

TREATMENT

FLAVOR SCORES
70c

1oOc

150c

CALF RENNET

8.ol

7.5±.5

6.5+.5

BOVINE PEPSIN

8.0

7.5+.5

6.5+.5

MUCOR MICHEI

8.0

7.5+.5

6.5+.5

PORCINE PEPSIN

8.0

7.5+.5

6.5+.5

50-50

8.0

80% pp2 + 20% CR3

7.5+.5
-

8.0

7.5+.5

1 MEAN OF THREE REPLICATES
2 PP = PORCINE PEPSIN
3 CR = CALF RENNET
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6.5+.5

-

6.5+.5

TABLE 2.

BODY & TEXTURE SCORES FOR EDAM AFTER 3 MO. AGING AS
AFFECTED BY DIFFERENT CHEESE COAGULANTS
BODY & TEXTURE SCORES

TREATMENT

7oc

100c

150c

CALF RENNET

4.0

3.5+.5

3.5t.7

BOVINE PEPSIN

4.0

3.5+.5

3.5t.7

MUCOR MICHEl

4.0

3.5t.5

3.5t.7

PORCINE PEPSIN

4.0

3.5+.5

3.5t.7

50-50

4.0

3.5-t.5

3.5t.7

80% pp2 + 20% CR3

4.0

3.5±.5

3.5t.7

-

1 MEAN OF THREE REPLICATES
2 pp = PORCINE PEPSIN
3 CR = CALF RENNET
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The fresh, country-style cheeses, or quesos, with the traditional characteristics
of cheeses made on the Mexican ranchero, and in other Latin countries, are making
their way into the food stores, alongside Jack, Cheddar, and other favorites. These
Hispanic, or Latin, cheeses are produced in California, and in particular in Southern
California, as well as in Texas, Florida, and some eastern states with large Hispanic
populations.
In California there are around nine companies producing Latin-type cheeses
with an estimated annual production of 15 million pounds. It is a market to watch
for continued growth as new populations from Mexico, and Central and South
American countries continue to establish themselves in the United States. This
category has grown some 60% in the past three years and is expected to grow an
amazing 45% in the next three, according_ to a study supported by the California
Milk Advisory Board.

There are two basic types of California soft, non-ripened Hispanic cheeses:
fresh and aged. Both start with cow's milk, whole, part-skim, or all skim. The
curds for fresh cheese are generally formed using microbial or calf rennet;
occasionally a small amount of starter is employed, but not often since too much
acid formation will change the curd characteristic. The fresh, Hispanic cheese
curds should be dry and crumbly and the manufacturers wish to avoid the "acid
curd" characteristics of Jack cheeses. With the aged cheeses, cotija, for example,
starter cultures are added to insure proper acid development during manufacture
and subsequent aging. Generalized make procedures for a few fresh varieties are:
Panela

Pasteurized milk at 80-90°F is added to the vat
Rennet and salt are added; sometimes culture
Set time, 10-60 minutes
Cut curd
Cook at 100-l10°F
Dip curd into plastic bucket; allow drainage (3-4 hours)
Package
Queso Fresco

Similar to Panela, except the curds are milled prior to
packaging, giving a more solid, but crumbly texture.
Mexicano

Add pasteurized milk to vat; heat to about 98°F
Add culture, set
Cut curd
After draining the curd, it is stacked several times for whey
removal and acid development
Curd is milled
After first milling, the milled curd is stacked once again.
This curd is placed in cheese cloth
The next day this curd is cut and run through a sieve unt 1 it
comes out like spaghetti
Salt is added. Then it is placed in a second machine where it
is groomed further and salt should be mixed in
A third unit extrudes it for packaging.
-1-
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Cotija Cheese
Pasteurized milk is added to the vat
Add culture at 90°F
Let set
Add microbial Rennet enzyme
Let set for one-half hour
Cut curd
Let set 1-2 hours
Stack curd
Drain whey
Place curd in cheese bags and let drain overnight.
A generalized scheme for the manufacture of these cheeses is shown in Table
1. Because of the nature of this cheese industry, specific details on manufacturing

procedure cannot be discussed. Note two distinguishing features of the
manufacturing procedures. One, there are no acids added, unlike those soft,
nonripened cheeses discussed by Arispe and Westhoff (1984a, 1984b), and when
culture is added, little acidity is allowed to develop.
TABLE 1. Generalized steps for the manufacture of California-style
Latin cheeses.
Variety

Step
Soft

Hard

Pasteurized Milk/Cool to
Add Starter Culture
(optional)

TA

< 0.1%

Add Rennet
(cultured or microbial)

< 20 min

Cutting/Stirring

5 minutes

Cooking

~

TA 0.17 to 0.3%
15 to 45 min.
5 minutes

37°C (12 minutes)
1 to 2% w/w

Salting

2 to 5% w/w

There are many styles of these cheeses, each reflecting the different countries
of origin and differences in the opinions of the cheesemakers on the desired sensory
properties - taste (degree of saltiness) and texture (usually crumbly). California
State Standards for these cheeses are general: for panela, queso blanco, queso
fresco, and flavored Hispanic cheeses (e.g., jalapeno), the maximum percent moisture
is 55 percent irrespective of whether the cheese is manufactured from skim, part
skim, or whole milk. Minimum percent fat in dry matter is 30, except for cheeses
made from skim milk, in which case it should be less than 30.
Table 2 shows the general chemical characteristics of the cheeses at the
time of manufacturing and after holding them under refrigeration until the retail
pull date, usually 45-75 days after manufacturing.
-
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Overall, the cheeses averaged 1.7% salt, 0.12% titratable acidity, 56%
moisture, and a pH of 6.01. When the products were stored at 7°C until retail
pull date, there was no change in the moisture and salt content; however, there
was a statistically significant increase in average acidity along with a corresponding
slight decrease in the average pH.
TABLE 2. Chemical results of soft, non-ripened cheese collected at the plant.
Variable
Pu112

Initial!
X± SD

Range

X± SD

Range

Salt(%)

1.7±.45

0.96-2.6

1.56 ± .43

0.96-2.4

Lactic acid (%)

0.12 ± .07

0.04-0.33

0.19 ± .10

6.02-0.52

Moisture (%)
pH

56 ± 5. 7

49.7-72.7

56.16 ± 6.10

48.8-73.1

6.01 ± 0.39

5.4-6.6

5.64 ± 0.29

5.1-6.4

1Within 24 hours of manufacturing.
2A range of 45-75 days past initial.
Table 3 shows the findings when similar products were collected from retail
stores over a six month period. The data are similar to those reported in the previous
table, and except for the change in percent titratable acidity and ph, show no
significant changes.
Our evidence showed that individual manufacturers were reasonably consistent
in maintaining the chemical parameters studied, irrespective of variety.
TABLE 3. Chemical results of cheeses collected at retail.
Variable
Initial!

Pull

X± SD

Range

Salt(%)

1.8 ± 0.6

Lactic acid (%)
Moisture (%)
pH

X± SD

Range

0.85-2.5

1.96 ± 0.6

0.89-3.1

0.10 ± 0.04

0.01-0.17

0.16 ± 0.08

0.02-0.37

52.8 ± 4.87

42.1-59.4

54.3 ± 2.8

6.11 ± 0.26

5.6-6.3

5.92 ± 0.4

47.4-54.2
5.4-6.9

1 Purchased an average of 18 days prior to retail pull date.
Most often the cheese manufacturers produced cheeses with acceptable
microbiological counts; but when post-pasteurization contamination is not eliminated,
counts will be high in the cheeses during the manufacturing pro~ess (Figures 1,
2, and 3), and in cheeses at retail (Table 4). Clearly, manufacturing sanitation
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FIGURE 1. Microbiological results of Panela cheese collected
during cheesemaking operations.
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FIGURE 2. Microbiological results of Queso Fresco cheese collected

during cheesemaking operations.
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errors can lead very quickly to unacceptable quality cheese in the market place.
Fortunatley, the major manufacturers realize the microbial sensitivity of their
cheese and therefore run stringent sanitation programs to ensure acceptable
microbiological quality products.
TABLE 4. Microbiological results of mishandled soft, non-ripened cheeses.
Count/ml

Variable

Pull2

Initial1
Min

Mean
Log

Max

Min

Mean

Max

Log

Coliforms

1.3

3.25

6.3

0

3.16

7.9

Enteric

2.3

4.28

6.9

0

4.13

7.8

Standard Plate
Count

4.8

6.93

7.9

4.2

6.60

8.1

Yeast and Mold

0

2.96

7.8

0

2.24

4.9

1Initial analysis within 24 hours of manufacturing receipt.
2Retail pull date an average of 60 days. Range 45-7 5 days.
Tables 5 and 6 summarize the chemical results of the Cotija cheeses collected
at the factory and retail. The moisture content of these cheeses is lower than
that found in the soft cheeses and results in part from the difference in the
cheese-making processes. There were no changes in the moisture and salt content
during controlled storage to the retail pull date; however, there was a significant
increase in acidity, along with a corresponding decrease in pH for samples during
storage. The dry ripened Cotija has the highest titratable acidity (1.0%) and the
lowest pH (4.5), making it bacteriologically much more stable than the non-ripened
Cotija products.
TABLE 5. Chemical results of hard, ripened cheeses collected at plant.
Variable
Pull2

Initial1
X± SD

Range

Salt(%)

2.8 ± 1.1

Lactic acid (%)
Moisture (%)
pH

X± SD

Range

1.2-4.9

2.8 ± 1.0

1.2-5.0

0.4 ± 0.3

0.05-1.0

0.5 ± 0.3

0.18-1.0

46.3 ± 2. 7

40.9-51.9

45.5 ± 2.9

40.7-52.2

5.5 ± .46

4.9-6.3

5.3 ± .44

4.5-6.3

1samples average 24 hours old.
2A range of 65-110 days past initial.
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TABLE 6. Chemical results of bard, ripened cheeses collected at retail.

Variable
Pull2

Initial!
X± SD

Range

X± SD

Range

Salt(%)

3.6 ± 1.5

1.8-5.2

3. 7 ± 1.3

1.9-5. 7

Lactic acid (%)

.37 ± .27

0.07-0.78

.51 ± .26

.22-.83

Moisture (%)

43.2 ± 2.2

40.7-46.6

43.1 ± 1.3

41.6-45

5.2 ± .45

4.9-5.5

5.2 ± .45

4.7-5.8

pH

lsamples collected on an average of 30 days prior to retail pull date.
2A range of 65-110 days past initial.
The mean microbial counts, initially and at pull, of samples collected from
some plants are shown in Table 7. Again many samples gave no counts, reflecting
good sanitary practice in their manufacture, while some occasionally reflected
a need to avoid post-pasteurization contamination.
Table 8 shows the microbial counts for retail samples at initial and at pull
date. Here again, there was no statistically significant difference in populations
with storage time. Some samples clearly hold up extremely well under actual retail
conditions and our laboratory storage conditions, a credit to those manufacturers
who pay attention to avoiding post-pasteurization contamination.
TABLE 7. Microbiological results of hard, ripened cheeses collected at the plant.

Variable

Count/ml
Pull2

Initial!
Min

Mean

Min

Max

Log

Mean

Max

Log

Coliforms

0

1.51

4.8

0

1.31

4.8

Enteric

0

2.82

5.7

0

2.22

7.1

Standard Plate
Count

2.3

5.92

8.4

2.7

6.30

8.2

Yeast and Mold

0

2.64

6

0

2.11

6.3

1Initial analysis within 24 hours.
2A range of 60-110 days past initial.
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TABLE 8 • Microbiological results of hard, ripened cheeses collected at retail.

Variable

Count/ml
Min

Initiall
Mean

Pull
Min Mean

Max

Log
Coliforms

Max

Log

1.3

2.10

3

0

1.80

5.8

0

2.60

4.3

0

2.42

6.4

Standard Plate
Count

3.0

6.04

8.2

4.9

6.92

7.5

Yeast and Mold

2.0

2.90

3.8

0

3.00

6.9

Enteric

lsamples collected on an average of 30 days prior to retail pull date.
CONCLUSIONS

The cheesemaking practices of the California-style Latin cheeses yield a
product that is highly perishable. This study showed that these cheeses, with the
exception of the dry, ripened Cotija, have no chemical barriers to prevent growth
of post-pasteurization contaminants. The industry is wellp-aware of this challenge
and works hard to produce cheeses of high quality to meet consumer demands.
Their quality-conscience efforts are paying off.
#######
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A NEW COLORIMETER INSTRUMENT THAT CAN TEST FOR ABNORMAL
MILK, TOTAL COUNTS, COLIFORMS, ANTIBIOTICS, AND SHELF LIFE, ETC.
Eighth Biennial Cheese Industry Conference
4:45p.m., 24 Aug 1988
Gary H. Richardson
Dept. of Nutrition and Food Sciences
Utah State University
Logan, UT 84322-8700
INTRODUCTION
At the Sixth Biennial Cheese Industry Conference I described the many potential
applications for the Bactometer in the dairy laboratoryl. About 50 Bactometers are used in the
dairy industry worldwide (Personal Communication, Christine Reading). Similar impedance
instruments are built in England by Malthus Ltd. and are used in dairy laboratories in other
countries. The Bactometer instrument has been approved for estimating total counts,
coliforms, and shelf life stability in milk products2. Recently it has been claimed to be a,
"... total quality control tool for the dairy industry."3

Story and White reported high

correlations between plate count and the instrumental methods. Shelf life predictions of
pasteurized dairy products could be made after 20 hours of incubation instead of the seven to
ten days required in conventional methods.

1 Richardson, G.H. 1984. New applications for electrical impedance measurements: Starter activity, abnormal
milk detection, antibiotic detection, coliform counts. Proc. Sixth Biennial Cheese Industry Conf. 30 Aug. Utah
State University, Logan, UT.
2 Richardson, G.H., Ed. 1985. Standard Methods for the Examination of Dairy Products. 15th ed. American
Public Health Assoc., Washington, DC.
3 Story, D.A., and C.H. White. 1988. Inpedance microbiology as a total quality assurance tool for the dairy

industry. J. Dairy Sci. (Suppl. 1) 71:112 (Abstr.).

2

In 1986 I went to York, England to help Multispec Ltd. evaluate the potential for
including an impedance detector for abnormal milk on their infrared instrumentation. While
there I started dreaming of the Omnispec, so called because it has numerous applications and I
was working at the time with the Multispec.
Today I will describe the Omnispec 192 and some of the applications that make it of
interest for use in dairy laboratories.

OMNISPEC 192
The Omnispec 192 is so named because it continuously measures 192 samples for color
changes. Figure 1 is an USU ffiM Computer Aided Design/Computer Aided Manufacture
(CAD/CAM) pictorial showing the major internal components of the instrument. Note there are
two microtiter plates, each with 96 wells filled with samples; thus with two plates times 96 we
have 192 samples. The samples are held at 32° C by an onboard temperature control system.
Samples are positioned in turn over a reflectance colorimeter below the plates. A Minolta color
meter flashes light at the bottom of a well every few seconds. A small amount of the energy is
reflected back into the meter where it is analyzed for its color components and reported to the
computer as L*, a*, and b*. L* describes white or gray, a* red or green, and b* blue or
yellow. Thus any dye can be used, including some we used to favor in dairy laboratories, like
methylene blue, litmus, or resazurin. An X,Y-positioning system moves the plates around
over the colorimeter-detector and reads all192 colors every twelve minutes. A computer stores
the data, determines when the color has changed, and reports the results according to the
software program. The computer uses Lotus 1,2,3 so results can be calculated, presented
graphically, and reported in the same values as with the reference methods.

SAMPLE PLATES AND REAGENTS
The plates are economical and disposable. No electrodes are needed. With the 96-well
plate it is possible to estimate as low as 3 to 5 cfu/mL, depending upon sample size. Larger

Figure 1. Computer Aided Design of the major internal components of the Omnispec 192.
A= X,Y-positioning mechanism. B = Microtest plate holder. C = Minolta CR 221b color
meter. D = Temperature controller. E =Heating element
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wells on microtest plates are available that hold as much as seven milliliters each: These can
also be read by affecting a simple change of the software program. The larger plate makes it
possible to enumerate bacteria at less than 1 cfu/mL. This is valuable in shelf life and sterility
testing I.
Liquid reagents and dyes can be measured into each well and mixed with samples.
Alternatively, plates can be provided with sterile reagents/dyes predried in each well (Biolog
Inc. 3447 Investment Blvd., Suite 3, Hayward, CA 94545). We are evaluating the difference
between using the material dried on the bottom of the well or in a paper disc that is folded and
lodged into the well.

:lYMATEII
The Zymate IT is a laboratory robot that is increasing productivity and precision in
numerous applications around the world2. Over 1,000 are in use. Several in dairy laboratories
have paid for themselves in a few months. Dr. Bradley, U. of Wisconsin, is conducting a
collaborative study on the Zymate method for automation the Mojonnier fat test (Personal
Communication).
We have designed the Omnispec 192 to interface with the Zymate II so that
homogenized samples can be prepared automatically and 960, or more, samples can be
analyzed simultaneously (Figure 2). The Omnispec is mounted on "stilts" so the Zymate hand
can access plates. It thus becomes a work station module of the Zymate robot. The Omnispec
pushes the plate out the front where it can be picked up and replaced by the Zymate hand. This
configuration is for larger laboratories. Sample homogenates in test tube racks can be
positioned near the robot and every step after that is automated. A video of this operation with

1 Coppola, K., and R. Firstenberg - Eden. 1988. Impedance based rapid method for detection of spoilage
organisms in UHT low acid foods. J. Food Sci. (In Press).
2 Anonymous. 1988. Laboratory Robotics Handbook. Zymark Corp. Zymark Center. Hop~nton, MA 01748.

•

Figure 2. Computer Aided Design of the Omnispec 192 in position for interfacing with
Zymate IT robot. A= Minolta color meter controller. B =Stilts. C =Plate extended for
robot access.
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the prototype instrument will be shown immediately following my talk. This will be the best
way to describe the operation of the two robotic systems.

MICROBIAL PLA1E COUNT
A paper summarizing potential applications for the Omnispec in milk and dairy
laboratories has recently been accepted for publication in the Journal of Food Protection I.
Some of the highlights include the ability to estiniate the Standard Plate Count (SPC) over a
wide range of microbial numbers. While many technologies are struggling to get below
100,000/mL, the Omnispec can estimate numbers below 5 cfu/mL in less time than it takes to
run an SPC. Figure 3 shows how the color changes from blue to yellow when brom cresol
blue (BCP) dye and SPC stimulants are added to milk samples containing different
concentrations of bacteria. The higher the number of viable bacteria, the more rapid the color
change. Figure 4 shows the results when 140 samples of raw milk containing from less than
10 to over 10 million cfu/mL were tested. Results were available in from 1 to 32 hours, and
varied inversely with initial microbial load.

COLIFORMS
Coliforms grow very rapidly and results are more readily available. Using impedance
microbiology we were able to detect less than 1 cfu/g in cheese2 in 14 hours. In Figure 5 a
diluted sample of coliforms produced detectable color changes in less than six hours. The
correlation coefficient was 0.94 when 80 samples with a wide range of coliforms were
compared with the spiral plate count method.

1 Richardson, G.H., R. Grappin, and T.C. Yuan. 1988. A reflectance colorimeter ;nstrument for measurement
of microbial and enzymatic activities in milk and dairy products. J. Food Prot (In Fress).
2 Khayat, F.A., J.C. Bruhn, and G.H. Richardson. 1988. A survey of coliforms and StaPhylococcus aureus in
cheese using impedance and plate count methods. J. Food Prot. 51:53-55.
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ANTIBIOTICS/CULTURE ACTIVITY
Figure 3 in one sense is a lactic culture activity test.

Any inhibitor, like a

bacteriophage, chemical, or antibiotic, would cause a change in the shape of the curves. The
Omnispec can detect antibiotic activity very precisely. In Figure 6 you can see that it was
possible to detect 0.0005 IU of penicillin in milk in less than two hours. This is one log more
sensitive than present disc methods. It also appears possible to detect below 30 ppb of
sulfamethazine in milk (Figure 7) but it may take over 10 hours incubation to obtain this
sensitivity.

ABNORMAL MILK
Color changes associated with measurement of the chloride ion or NAGasei enzyme in
milk can be used to detect abnormal milk. Figure 8 shows data from milk samples tested for
NaCl content when compared with the somatic cell count. This test required no incubation
time.

SHELF LIFE PREDICTIONS
Bishop and White2,3 have reported the superiority of impedance instrumentation for
prediciting shelf life of market milk and cottage cheese. The Omnispec concept should provide
comparable results because it measures the same metabolic changes except that it uses color
instead of electrical signals and is less subject to stray voltage problems. Additionally, there

1 Kitchen, B.J., and G. Middleton. 1976. Enzymatic methods for the estimation of the somatic cell count in
bovine milk. II. N-acetyl-6-D-glucosaminidase test for routine estimation of the somatic cell count in milk. J.
Dairy Res. 43:491.
2 Bishop, J.R., and C.H. White. 1985. Estimation of potential shelf life of fluid milk utilizing bacterial
numbers and metabolites. J. Food Prot 48:663-667.
3 Bishop, J. R., and C.H. White. 1985. Estimation of potential shelf life of cottage cheese utilizing bacterial
numbers and metabolites. J. Food Prot 48:1054-1057.
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are no electrode fouling problems that require agar media in wells. Since larger wells can be
used the shelf life predictions can be based on fewer cfu/mL. One of the first commercial units
will be placed in Charlie White's laboratory so he can evaluate these claims.

PSYCHROTROPHS/PROTEOLYTIC OR LIPOLYTIC ACTIVITY
Some keeping quality tests require several days of incubation at refrigeration
temperatures prior to testing on an SPC. If such preincubated milk were added instead to the
Omnispec wells, results would be available earlier.
Instrument readings are modified if solutions change from turbid to clear. Thus
proteolytic or lipase enzyme activity can be quantitated. The instrument thus provides an
additional quality control potential for dairy plants involved in Italian and blue cheese
production and also those preparing enzyme modified cheese products .

•

YEAST/OTHER POTENTIAL APPLTCATIONS
Yeasts in yogurt might be measureable with the instrumentl. We are evaluating the
ability to measure agglutination properties of the lactic cultures. Applications have been
suggested for food, cosmetic, dmg, medical, and environmental laboratories.

PLATE COUNTING
In an effort to make the instrument more versatile in dairy laboratories, we are
evaluating replacement of the plate holder with a holder for petri plates or PetrifilmsTM. With
proper software program modifications, we hope to be able to count bacterial colonies on these
plates, perhaps even identify colony types by pigmentation differences. For example, "rods"
and "cocci" from yogurt might be identified if they produce white or yellow pigmented colonies
on special media.

•

1 Zindulus, J. 1984. The impedimetric detection of yeast in yogurt. J. Dairy Sci. (Suppl. 1}. 67:81. (Abstr.).
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STRAIN IDENTIFICATIONS
The detection of outgrowth of pathogens of concern to the industry would be more
rapid on such instrumentation. The instrument can also read plates that have been prefilled
with different substrates to help identify microbial strains.

INSTRUMENT AVAILABILITY
We chose the name Omnispec because of the many potential applications we have
examined, and the many yet unexplored. In the dairy laboratory we envision the capability to
run several hundred abnormal milk samples in the morning, several hundred antibiotics tests in
the afternoon, and total count, coliform, or shelf life tests overnight, all on the same
instrument.
Currently, we are awaiting approval of our collaborative study proposal from the
Committee on Microbiology of the AOAC. Mr. Michael Clark, mechanical engineer, is
completing assemblage of the commercial model. In April we were encouraged by USU to
form a corporation to coordinate manufacture and marketing of the Omnispec and other
instruments. We estimate the Omnispec 192 will be available at less than $12,500 by the end
of this year.
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There are a number of obvious advantages of pressing Cheddar
cheese into large blocks or placing it in barrels.

Barrel cheese

has become particularly popular for curd that is to be processed.
These advantages consist of substantial savings in handling and
packaging costs, provided the quality of the cheese is
unaffected.
However, it is evident that as the size of a cheese block is
increased, any problems associated with cooling the pressed
cheese will be amplified.
One difficulty associated with large cheese blocks has been
uneven moisture distribution within the block.

This presents

problems when sampling for moisture analysis and when purchasing
cheese on a moisture basis.

There also may be other problems

associated with uneven moisture distribution.
Blattner (1) reported significantly lower moisture in the
center of barrel cheese than in the outside areas.

When the

cheese was packed in steel drums, moisture differences between
the center and outside of the barrel averaged 6.7%.
in fiber barrels, the difference was only 2.6%.

When packed

Similar results

were reported to us from a plant making 640-pound blocks of
stirred-curd Cheddar cheese.

In this case, moisture differences

between the center and outside of the blocks were 4.86% when
pressed in stainless steel hoops and 3.0% when pressed in plywood
hoops.
These reports suggested that the uneven moisture may be
associated with uneven cooling, because when cooling of the
outside of the block was retarded by hoops with greater

insulating value, moisture differences within the cheese were
reduced.
In order to investigate the effect of uneven cooling on
specific cheese properties, Bob Reinbold (2), in our laboratory
measured the relationship between uneven cooling in 640-pound
blocks of stirred curd Cheddar cheese and the distribution of
moisture, pH, and salt concentration.

The cheese was

manufactured in a commercial cheese factory following their usual
procedure.

Milk was set in 50,000 pound Double-o vats.

The curd

was drained and salted on enclosed finishing tables then airconveyed to stainless steel hoops.

Each hoop was filled with 720

pounds of salted curd and pressed for one hour at 1.15 lb per
square inch cheese surface pressure.

It was then vacuum-treated

at 24 inches of vacuum for one hour without mechanical pressure,
then pressed while still under vacuum, at 1.7 pounds per square
inch cheese surface pressure for 1 hour.

Finally, the cheese

blocks were placed in a cold room at 41 degrees Fahrenheit (5
degrees Celsius) or left at 71.6 degrees Fahrenheit (22 degrees
Celsius) for 7 days.

The experiment represented 12 blocks of

cheese taken from 2 vats.

The first and last blocks of cheese

from each vat were eliminated.

The experimental design is given

in slide 1.
Note that after elimination of the first and last block from
each vat, the 1st, 3rd, and 5th blocks were stored at 5 deg. c,
and the 2nd, 4th, and 6th blocks were stored at 22 deg.

c.

COOLING TREATMENT
CHEESE
BLOCK

VAT 1

VAT 2

1

5

c

5

c

2

22

c

22

c

3

5

c

5

c

4

22

c

22

c

5

5

c

5

c

6

22

c

22

c

SLIDE 1

FILLING
SEQUENCE
1

2

3

In a separate but similar experiment, thermocouples were
placed in the center of the blocks of cheese and also 1/2 inch
from the sides in order to measure the change in temperature of
the cheese during cooling.
After 1 day at 5 deg.
block was still at 35 deg.

The results are shown in slide 2.

c. (41 deg. F.) the center of the
c. (95 deg. F.) while the outside had

dropped to 7 deg. c (45 deg. F.).

Differences in temperature

between the center and outside of the cheese were substantial
during the entire 7 days, after which time the center was 12 deg.

c. (54 deg. F.) and the outside 5 deg. c. (41 deg. F.).
When the blocks were held at 22 deg. c. '(72 deg. F.), the
outside of the curd cooled more slowly and temperature
differences between center, and outside were smaller, even though
the cooling was less than desirable for achieving good quality
cheese.
After seven days storage, the blocks were cut and samples
were taken from each of six positions within the block.

These

positions are represented in slide 3 for the blocks cooled at 5
deg.

c. (41 deg. F.).

"U" represents the upper corner, "M" the

middle corner, and "L" the lower corner.

"S" represents the

center of the small surface near the outside of the block, and
"B" the center of the large surface near the outside of the
block.

"C" represents the center of the block.

Samples taken from these positions were analyzed for
moisture, pH, and salt.
Samples were also taken at the beginning and middle during
the filling of each hoop.

The values were quite similar and
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u

1.5 (.03)
5.25 (.02)
41.07 (.45)

s

e

c

1.6 (.03)
5.17 (.02)
42.07 (.27) .

M

L

1.5 (.02)
5.31 (.01)
42.64 (.60)

1.4 (.01)
5.32 (.01)
40.63 (.45)

SLIDE 3

1.3 (.02)
5.10 (.01)
36.04 (.12)

B

1.8 (.03)
5.18 (.01)
42.50 (.23)
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indicated that the salt, pH, and moisture were quite uniform
throughout the blocks before they were pressed.

Moisture was

mostly between 43% and 44%, salt was usually between 1.7 - 2.0%
and pH values were generally 5.80-5.88.

These pH vaues were much

higher than those usually found in Cheddar curd at hooping.
However, this factory salted and hooped the curd at the pH shown
to avoid additional moisture loss that would have occurred if dry
stirring time had been extended.
The values at each position in slide 3 represents the
percent salt (top), pH (middle), and percent moisture (bottom).
Figures in parentheses are standard errors.

Maximum differences

between the center and sides for cheese stored at 5 deg.

c. (41

deg. F.) were .3% for salt, .22 pH units, and 6.6% for moisture.
Slide 4 shows similar values for cheese blocks stored for 7 days
at 22 deg.

c. (72 deg. F.).

In this case, maximum differences

between the center and sides of the blocks were 0% salt, .04 pH
units, and 1.35% moisture.

Average differences between the

center and sides of the blocks were .1% salt, .12 pH units, and
5.73% moisture for cheese held at 5 deg.

c. (41 deg. F)., but

were only O% salt, .03 pH units, and .96% moisture for cheese
held at 22 deg. F.)
Moisture distribution in cheese may be affected by several
processes.

Walstra and Jenness (3) reported that the moisture-

holding capacity of cheese curds is lower at 35 deg.
C.) than at 8 deg.

c. (46 deg. F.).

c. (95 deg.

"Therefore, moisture may

transfer from high to low temperature in response to a difference
in moisture-holding capacity.

•
22C

u

1.5 (.01)
5.03 (.02)
39.27 (.23)

s

c

1.5 (.01}
5.03 (.01)
39.89 (.29)

M

L

1.5 (.01)
5.04 (.01)
40.19 (.25)

1.5 (.01)
5.07 (.01)
40.01 (.23)

SLIDE 4

1.5 (.01)
5.07 (.02)
38.84 (.18)

B

1.5 (.01)
5.04 (1.5)
39.67 (.15)

e

I

~

The pH data indicate that slower, more uniform cooling
produced a more uniform pH throughout the cheese block.

The

variability of pH and moisture in 640-lb cheese blocks cooled at
5 deg. c suggests that acid development also may have affected
moisture transfer.

The moisture-holding capacity of cheese curd

decreases as pH decreases in these pH ranges.

Because the center

pH was lower than the side pH in blocks at 5 deg.C., this also
could have contributed to moisture transfer from the center to
outer surfaces.
The salt data also may reveal important information about
moisture transfer.

The percent salt in moisture was 3.5% for

both the center and the average of side positions for blocks
cooled at 5 deg. C.

Because the moisture in the outer positions

was higher than in the center, but salt in moisture was the same,
salt must have transferred with moisture in this cheese system.
This in turn suggests that moisture transfers in the liquid
rather than the vapor form in cheese.
A previous study indicated that uneven moisture was
established within 24 h after the start of cooling and did not
change during 60 d ripening.

It appears that once set, uneven

moisture in Cheddar cheese may take a very long time to even out
if there is no difference in the percent salt in the moisture.
CONCLUSIONS
A large temperature difference between the center and sides
of 640-lb stirred curd Cheddar cheese blocks is probably
responsible for rapid moisture transfer from high temperature to
low temperature areas.

Variability in salt in cheese and pH

•

within blocks also was affected by large temperature differences .
Variability in pH within cheese blocks during early stages of
cooling may in turn promote moisture transfer by producing
differences in curd moisture-holding capacity.

Finally,

variability in moisture and physical characteristics of the curd
during hoop filling may affect final moisture distribution.
Slow cooling reduced temperature differences within cheese
blocks and helped produce cheese with more even moisture
distribution:

This was done by controlling the cheese block

environment, but also could be accomplished by encasing the
cheese in insulating material such as plywood.
cooling could result in poor quality cheese.

However, too slow
The most desirable

situation would be uniform and rapid cooling of all positions
within a cheese block.

Unfortunately, this is difficult to

achieve in large blocks.
Removal of excess moisture before cooling helps produce
cheese with more even moisture distribution.

This can be done by

producing a drier curd in the vat or finishing table, using whey
suction probes, and developing innovative pressing and vacuum
treatments.

Low moisture curd may help make rapid cooling more

acceptable.
Finally, reducing pH of curd before filling the hoop may
slow down pH changes in the block during cooling.

This could

minimize differences in moisture holding capacity within the
block and produce more even moisture distribution."

•
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THE EFFECT OF RAW MILK QUALITY UPON EDAM AND COTTAGE CHEESE
MANUFACTURED USING ULTRAFILTRATION
DR. CHARLES H. WHITE
MISSISSIPPI STATE UNIVERSITY

I wish to acknowledge and thank Dr. Wayne Geilman who
did most of the work described in this discussion.
Milk Quality, Compositional and Environmental Factors
Munro et al.

(1984)

indicated that mastitis

had a

substantial effect on cheese. They indicated that it reduced
starter activity, delayed coagulation time, decreased curd
firmness, caused whey losses in fat and casein and resulted in
lower yields.

Also, they reported on research which indicated

significantly lower concentrations of calcium in both skim milk
and the ultracentrifugate in milks with WMT greater than 20
compared with those less than 10.

Ali et al.

(1980) noted the

influence of storage time and temperature on the distribution of
individual milk proteins between the micellar and soluble phases.
They noted that during cheese making, losses of fat and curd
fines in whey were greater with increased soluble phase casein
and clotting times were prolonged.

For this reason,

the

importance of high quality milk protein in the raw supply is
obvious.
Green et al.

( 1981) studied the effect of UF milk on the

manufacture and ripening of Cheddar cheese.

They indicated that

with milk concentrated more than two-fold, large amounts of fat
were lost in the whey so that the cheeses had less fat than
normal.

These workers indicated that the amount of acid produced

~

by the starter was identical in all milks but that the buffering
capacity to acid of the milks, increased with concentration.
Therefore the buffering capacity of the milks becomes critical.
Mayes and Sutherland (1984) indicated the importance of coagulant
firmness and yield in Cheddar cheese manufacture.

Since milk

composition can affect the time required for proper curd firmness
and even the degree of curd firmness, the quality of the raw milk
being subjected to ultrafiltration is vital.
studied

the

Kelly

(1982)

effect of seasonal variation as well

ultrafiltration on the heat stability of skim milk powder.

as
He

noted the importance of protein levels in the milk and the
importance that divalent cations such as calcium and magnesium
have on ultrafiltration.
Poor flavored milk can have a rather drastic effect on
cheese quality.

One would assume that

the

process

of

ultrafiltration would merely accentuate the problem rather than
eliminate it.

McDonald et al.

(1981) studied the effect of

rancid milk on the flavor and other properties of Cheddar cheese.
They reported higher flavor scores for control lots of cheese.
They also noted the fat content decreased and the protein
increased with increased levels of rancidity in the milk.
Barbano and Sherbon (1984) reported on Cheddar cheese yields
in the state of New York.

They indicated that the primary

factors related to poor cheese yields were low casein content,
low ratio of casein to fat and excessive mechanical breakage of
cheese curd in the vats.

They indicated that milk received at
2

New York state Cheddar cheese plants showed the expected seasonal
variation of milk fat content and casein content.

They further

indicated that there were plant-to-plant differences in the
casein.

Green et al.

(1984)

reported that because of the

differential retention of nitrogenous component, protein
comprised a progressively higher proportion of the total N as the
milk became more concentrated.

They also indicated that it

seemed unlikely that disruption of the fat globules in milk could
be avoided completely.

Therefore, they concluded the UF of milk

would also carry the risk of increased lipase activity.

Thus,

raw milk with a higher than average ADV would make the problems
even more severe.
Bacterial Quality of Raw Milk
Grieve and Kitchen

(1985)

did an in depth study of

proteolysis in milk, especially the significance of proteinases
originating from milk leucocytes.

They indicated that bulk milks

contained approximately four times more milk proteinase activity
than the composite from individual healthy cows.

They indicated

that high leucocyte levels did not appear to contribute greatly
to proteolysis.

The numbers of typical psychrotrophs, eg.,

Pseudomonas fluorescens, may cause extensive proteolysis in raw
milk.

Therefore, the age of raw milk can have a substantial

effect on the quality of the proteins present.

Short et al.

(1980) reported that deterioration in milk quality, as indicated
by decrease in pH, caused significant reductions in UF plant
capacity.
3
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McQueen and Leg (1980) reported on the manufacture of soft
cheese by UF.

They encountered

initial

problems

in

microbiological quality which showed the need for careful plant
hygiene when using UF systems.

This can be related back to the

quality of the raw milk and the level of thermoduric type
microorganisms.

In conjunction with this, Coghill and Juffs

(1979) found psychrotrophic sporeforming bacteria in 31% of 167
pasteurized milks and cream processed in Queensland.

Perhaps,

with UF products, these heat stable microorganisms will play a
bigger role.

Maubois and Mocquot (1974) showed the practical

application of membrane UF to preparation of various types of
cheeses to be possible.

They stressed the importance of

bacterial quality being a key item during the UF process.
Sood and Kosikowski

(1979) indicated that microbiological

problems associated with UF of skim milk had already been
studied.

Even though they were studying the UF of skim at

elevated temperatures (600C), again the need for higher quality
raw milk is concluded from the study.
Raw Milk Quality
Garoutte and Amundson (1982) studied the UF of whole milk
with hollow fiber membranes.

They prepared a SX concentrate

containing 37.2% solids, 13.3% protein and 17.8% fat.
conducted the work

They

to evaluate the usefulness of UF in

cheesemaking with special emphasis on flux, the composition of
both processed streams during concentration and the effect of
several milk pretreatments on flux.
4

These workers used raw milk
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which was received at 4oc and stored at that temperature until
used.

They indicated that storage never exceeded four hours.

Therefore, it can be concluded that there is a great deal of
information which needs to be known with regard to the quality
variation and characteristics of milk which is to be subjected to
ultrafiltration prior to utilization in dairy products,
specifically cheese.
Ultrafiltration
Ultrafiltration (UF) itself is a process whereby components
of a mixture may be separated and concentrated.
a mechanical procedure.

This is done by

A fluid mixture is pumped, under

pressure, past a semi-permeable membrane and molecules that are
smaller than the openings in the membrane pass through to an area
of lower pressure.

Particles and molecules that are larger than

the openings are retained, collected and concentrated (Richter,
1983). The openings in the membrane, or pore size, can be
regulated by controlling steps in the manufacturing process.

By

selecting the proper pore size, mixtures can be separated
according to molecular size (Cheryan, 1986).
By using a pore size of approx 60,000 daltons, the protein
and fat portions of milk can be separated from the lactose and
other water soluble components (Cheryan, 1986).

Consequently,

the protein is concentrated. The concentrate is often called
retentate since it has been retained by the membrane.

water,

lactose, minerals and low molecular weight nitrogenous materials
pass through the membrane.

This portion is called permeate
5

(Sutherland, 1980: Barbano, 1985).

The whey proteins that are

normally lost in the whey during standard cheese making, are
concentrated in the retentate.

Cheese made from retentate should

therefore have an increased yield, which results from the
inclusion of these proteins and accompanying fat and water
(Ernstrom, 1980).

Studies that have been performed to date

indicate that there is a yield increase, but not of the magnitude
expected.
Cheese made using UF had higher calcium levels than cheese
produced using standard processing procedures.

It was discovered

that mineral levels in the final product could be adjusted by
lowering the pH of the milk prior to ultrafiltration (Ernstrom,
1985).

This is done by the addition of food grade acid to the

milk.

The acid solubilizes some of the colloidal calcium

phosphate which is associated with the casein micelle.

This

calcium can then be removed during the filtration process.
It is logical that the initial quality and composition of
the milk would have an influence on the production of retentate.
Factors such as initial solids level in the milk, variations in
the composition of milk protein, mineral levels and degree of
proteolysis could conceivabley affect the quality of the
retentate.

The quality of the retentate would affect the

products made from it.

Thus,it was the intent of this study to

evaluate the effect of the quality and composition of milk on the

•

production of retentate and a soft
cheese (Edam) •
6

(cottage) and a semi-soft

~

The objectives of this study were (Geilman, 1988):
1.

Develop a processing procedure using ultrafiltration, in

combination with standard cheese processing equipment, to make a
commercial quality cottage cheese.
2.

Develop a processing procedure using ultrafiltration, in

combination with standard cheese processing equipment, to made a
commercial quality Edam-type cheese.
3.

To study the effect of milk quality and composition on the

production of retentate made from skim milk and cottage cheese
made from retentate.
4.

To study the effect of milk quality and composition on the

production of retentate made from milk with 3.10% milk fat and
Edam-type cheese made from retentate.
Methods
Chemical and microbiological procedures employed in the
study were "standard methods" and referenced either in the latest
editions of Standard Methods for the Examination of Dairy
Products and A.O.A.C.

All pH measurements of cheese samples

were determined by use of an Orion SA 250 pH meter with an Ingold
6162 puncture type electrode.

Protein measurements utilized the

A.O.A.C. method modified to be used with the Labconco Semi-Micro
kjeldahl digestion unit model 60300.

Lactose and all mineral

analysis were performed by Wisconsin Analytical Laboratories.
Sensory evaluation was conducted by a team of three trained
judges whose primary instruction was the determination of
•

commercial acceptability for the cottage cheese.
7

Any specific

flavor or body/texture defects were noted.

For the Edam cheese,

the ADSA score card for Cheddar was used.
The variables that were tested were:
1.

Commingled milks, the combined evening and morning

milkings of all the healthy producing animals in the MSU
dairy herd.
2.

Holstein milks, procured by segregating and pooling the

evening and morning milkings of the Holstein cows in the MSU
dairy herd.
3.

Jersey-Guernsey milks, procured by segregating and

pooling the evening and morning milkings of the Jersey and
Guernsey cows in the MSU dairy herd.
4.

Milks with high psychrotrophic counts were

raw

commingled MSU milk inoculated with a Psuedomonas putida
culture.

The milk was then stored for 24 h at about 6 C.

Counts of Psychrotrophic bacteria at the end of the
incubation period were in excess of 1,000,000 cfu/ml.
5.

High somatic cell count milks, obtained from a local

producer's herd, which had a history of milk with a high
somatic cell count.

The milk used in this part of the study

had a somatic cell count,

determined by microscopic

observation of at least 875,000 cells/ml.
The milk for the cottage cheese was processed first.
included ultrafiltration and start of cheesemaking.

•

This

Milk for the

Edam-type cheese was then prepared and introduced into the UF
system after the skim retentate had been removed.
8

This reduced

the processing time needed for UF and reduced product loss and
shock to the UF system.
Ultrafiltration was performed using a Romicon Model HF lOSSS
pilot plant.

The milk was concentrated batch-wise with this unit

by recirculating the milk through the membranes and removing
permeate.

The plant was equipped with a multiple tube-in-shell

heat exchanger which used water as the heating and cooling
medium.

A Superior Stainless bag was installed prior to the

pressure manifold and membrane cartridges.
The membranes used were Romicon PM 50 Polysulfone. Four of
the 10 cartridges, originally installed had been removed.

This

was done in order to reduce the batch size, while maintaining the
proper flow rates across the membranes.
The inlet pressure of this system was 25 psi, which was
maintained by adjusting the speed of the circulation pump. A
retentate outlet pressure of 5 psi was controlled by adjusting
the opening of a Lumaco sanitary disc valve.

Permeate back

pressure was maintained below 5 psi.
The processing temperature was maintained at 48_± lC.
throughout the processing.

Since energy was put into the system

via the pump, it was necessary to use cool water to maintain the
proper temperature.
Since commercially accepted methods for the manufacture of
both cheeses were lacking, this (objectives 1 and 2) had to be
the first priority.

9

Cottage Cheese Milk
Milk for cottage cheese was cold separated, pasteurized
using high temperature short time procedures (73.5 C for 17.5s),
cooled and stored in a cold wall vat at approximately 6C for 45+- 10 min.

Prior to ultrafiltration, the milk was acidified to a

pH of 5.90 + .05 with a mixture food grade phosphoric and lactic
acid (Vitex 750 acid, Carlin Foods).

The acid was introduced to

the milk using a circulation pump (Tri-flow model Cll4MD56T-S,
1750 rpm) and a mixing funnel.

Care was taken to avoid any

localized coagulation or inclusion of air.

The milk was allowed

an equilibration time of 30 min before being sent to the UF unit.
Retentate for Cottage Cheese
Retentate used for cottage cheese was concentrated to 15%
solids, as was determined by a Fisher (cat. no. 13-946-60) handheld refractometer.

The retentate was returned to the cold wall

tank and rapidly cooled to 32

c.

Samples were taken for later

analysis and the rest was used for the production of cottage
cheese.
Cottage Cheese Processing Procedure
Time
(min)

0

Temp

Procedure

(C)

31.1

Put 22.7 Kg retentate into small stainlessvat that is in 32 c water bath

5

31.1

Add 113 g trisodium dihydrate citrate.
Add 2 ml diluted 1/10 defoamer
10

10

31.1

300-636

Add 75 ml concentrated frozen culture.
Incubate until the ph is 4.7 + .04 Cut using
conventional 6 mm cheese knives

Since cooking is separate from incubation, time starts over as
far as minute elapsed.
0

32

Leave undisturbed (heal) 10 min

10

32

Add 12 1 water (temp 38 c)

15

33

Start heating curd

35

38.8

55

46.1

85

54-55

Drain whey from curd and add first wash
of water at 32.2 C stir and let rest

95

Drain 1st wash and add 18 1 10 c water
stir and let rest

1~

Drain second wash and replace with 18 1 ice
water acidified to ph 5.2 With food grade
acid

120

Drain wash water from curd

150

Cream drained curd 60 parts curd to 40 parts
Dressing

180

10

Package cottage cheese

Edam Cheese Milk
Milk

for

the Edam-type cheese was cold separated,

pasteurized using high temperature short time procedures (73.5 c
for 17.5 s) and cooled.

tt

Approximately 45 min prior to UF, the pH

of the milk was lowered to 6.10 +- .OS using a mixture of
11

foodgrade phosphoric and lactic acid (Vitex 750 acid).
was introduced to the milk as before.

The acid

The milk was heated (heat

exchanger) to 40 C before being sent to the UF unit.
Retentate for Edam-Type Cheese
The amount of milk in the batch tank was reduced to half the
original volume.

Diafiltration was accomplished by adding hot

(48 C) culinary water at a rate of 15% of the initial milk
volume.

Ultrafiltration continued until a 20% solids level was

reached.

The retentate was returned to the cold wall tank

rapidly cooled to 32

c, and immediately used for the production

of an Edam-type cheese.
Edam-Type Cheese Processing Procedure
The procedure to make the Edam-type cheese was the same for
all variables and is listed below.

A 246 L (65 gal) Kussel 4MX

vat was used for the production of all the cheese.
Time
(min)
0

Temp

Procedure

(C)

31

Add 2.2 Ml frozen concentrated culture
per kg retentate

15

31

Add .335 Ml single strength annato color
per kg retentate

30

31

Add .335 Ml single strength bovine rennet
per kg retentate and stir exactly 2 min.

45

31

Cut the curd into 7 em cubes

60

31

Start heating the curd (steam on)

75

37.8

Turn steam off, continue stirring
12

135

37.8

Drain off whey (30kg) until curd is
barely showing and add .5% Salt of
initial retentate weight and stir

150

37.5

Drain into prepress and press for 20 min.
Using a pressure equivalent of 130 g per
square em

170

95

Cut prepressed cheese into 1.50 Kg pieces
and place in edam molds, then press

200

35

Incubate until ph reaches 5.1-5.2
(About 12 h)

12-15 h

4

Remove cheese from the mold and soak in
saturated salt brine for 48 h.

3 D

Package cheese into cryovac barrier bags
using a vacuum machine capable of heat
sealing bags.

Heat shrink the plastic

bag to form a smooth package and age for
at least 30 d.
RESULTS
Composition of Raw Milk
A summary of the gross physical attributes of the milks that
were studied is listed in the Table 1 and the values are in
agreement with values reported in the literature.

The high total

solids, protein, and fat levels listed for the Jersey/Guernsey
milk are characteristic of those breeds.

Lactose levels were

lower in all the milks than anticipated, but may have resulted
because of the unusually hot dry weather present during the time
13

I'At::H,b

l.--GROSS
--

CONPOSITlUN OF

RAW

MILK

-----· --------------· -------------------------------------------------

.

------

·-

--------------------------------------------------------i'1EAN %

---·-·-----

SA;•iPLE

-------·----- ---·····------------- ·-·--------------PHOTElN
FAT
LACTOSE

l'UTAL SOLIDS

ASH

--------------------------------------------------------12.20a2
3.19a c
4.09a
4.46a
.72a

COI"'MlNGLED
STDl

.27

HOLSTEIN

11.98 b
.23

STD
JERSEY/GUERNSEY
STD

14.00
.21

PSYCHROTROPHIC

~~.63a

STD
-- --- ·-------

..

3.19a c
.07
c 3.68 b
.05

.17

3.31
. 18

12.04 b
.21

3.16a
.03

STD

HIGH SOMATIC CELL

.11

.05

.13

.OJ

3.55 b
.15

4.53a

.71a
.03

4.73
.08

c 4.08a
. 02
3.56 b
.05

.OI:l

c 4.87 b
.08

~72a

4.51a
1.81

.72a
.29

4.58a
.15

.75a
.04

.02

------------------------------------------------------------------ ----

J. STANJJAHD DEVIATION
2.

•

'

!"lEANS NOT FOLLOWED BY THE SAi"lE LETTER IN CULUi"lN
( P< • US)

DIFFER

in which this study was performed.
The mineral composition of the raw milks is found in Tables
2 and 3.

There was considerable variation in the values

obtained, as manifested by high standard deviations values around
the means.

Since feeding practices have a direct influence on

how much mineral is present in the milk, variation was expected.
The importance that the transition metals have on milk
quality has been explored

(Muzzarelli et al., 1983).

The

presence of trace minerals in large quantities may be an
indication of the general health of the animal and could be of
more importance than previously thought.

The role that these

metals play in enzyme activity may be very important.

It is

logical to surmise that high levels of these metals may be
indicative of the presence of enzymes in the milk.

In the

ultrafiltration process, enzymes can be concentrated along with
the other proteins
Green et al.

(Cheryan, 1986).

This effect was seen by

(1984), who reported elevated levels of mineral

associated with proteins and enzymes in retentate.
With regard to the microbial quality on expected, the high
psychrotrophic milk had the highest PBC, SPC, and VRB values.
There was no significant difference in Elliker's counts among the
milks.

The Jersey/Guernsey milk had the lowest DMSCC.

The high

somatic cell count milk had low PBC and Elliker 's counts and
needs further investigation •

•
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l'AI:iLE '2. --l"'f,AN l"llNEH..A.L CONPOS IT ION OF RAW I'HLK
--------------

.

-------------------- ----

.

-------- . ---------------------------------.

-

---------

--------------------------------------------------------PPI"l
- --·-- --·---- ------------------------------------------p
Ca
Mg
K

SAI'IPL.E

Na

--------------------------------------------------------CUi"II"II NG L EJJ
ll64a2
1::17

932a
40

lUI) a
13

1399a
96

493a
66

HOLSTEIN
STD

124la
87

l:l91:la
91

J15a
5

1416a
52

522a
37

JERSEY/GUERNSEY
STD

Jl81a
73

H56ab
61

·114a
9

1329a
7 lJ

471ab
1::16

t'SYCHROTROPHIC
STD

1 '2 l 7 ~- ':_
'122

790 b
36

80 b
31

1336a
108

359 b
114

HIGH SOMATIC CELL
STD

ll54a
62

827 b
71

82ab
19

1212a
299

355 b
96

STOl

---------------------------------------------------·-----------1. STANDARD DEVIATION
2.

i'IEANS NUT FOLLOWED BY TilE SM1E LETTER IN COLUI'IN IJIFfEH
(P<

.05)

TABLE 3.--MEAN METAL COMPOSITION OF RAW MILK
PPM
SAMPLE

Fe

Cu

Zn

Mn

Mg

1.82a2
.99

<.05a
.00

3.68a
.27

.15a lOO.OOa
12.95
. 13

HOLSTEIN
STD

.78 b
. 18

.07a
.06

2.98a
1. 57

.14a 114.80a
4.62
. 12

JERSEY/GUERNSEY
STD

.69 b
.34

.05a
.05

3.83a
.57

.lOa 113.50a
. 11
9.25

1.1:33a
.37

.05a
.00

3.85a <.05a
.oo
.54

1:30.25 b
30.29

l.03ab

.20a
. 21

3.35a <.05a
.00
.83

82.46ab
19.45

COMMINGLED
STDl

~:-JYCHROTROPHIC

STD

~

HIGH SUI"'ATlC CELL
STD

1. 14

.

1. STANDARD DEVIATION

2. MEANS NOT FOLLOWED BY THE SAME LETTER IN COLUMN DIFFER
(P<

.05)

Cottage Cheese
The composition of the skim retentates is found in Table 4.
The point at which ultrafiltration and concentration was stopped,
was determined using a hand held refractometer.

When a total

solids content of 15% was reached, the permeate valve was closed
and the retentate was removed from the system.

Concentration

factors have been traditionally reported as X factors, which
reflected volume or weight reductions.

For example, if 100 kg of

milk were reduced to 50 kg, the factor would be calculated as
100/50 = 2X (Barbano, 1985).

This method does not account for

the initial solids level of the milk retention of the various
milk components and initial milk quality.

In this study, where

milks of different compositions were concentrated, using this
method for determining when to stop ultrafiltration would result
in greater disparity and differences between the retentates than
using total solids determination.
The use of protein concentration factor has more potential
for expressing retentate concentration (Kosikowski et al., 1985).
However, a method for measuring protein that is rapid enough to
use while the UF system is in operation is not commercially
available.

Protein concentration factors are useful in

calculating yields and were used in this study.

Ridgeview Food

(Haines, 1985) used refractive index as a method for determining
total solids of the retentate produced in their plant.

When

tests using commingled skim milk were performed, results

4lt

indicated that a reading of 15% TS on the refractometer related
15

TABLE 4.--GROSS COMPOSITION OF PASTSURIZED SKIM MILK
RETENTATB FOR COTTAGE CHEESE

.

-----------------------------------------------------------------------------------------------------------------~-MEAN 't

SAMPLE

----------------------------------------PROTEIN FAT LACTOSE ASH

TOTAL SOLIDS

--------------------------------------------------------14.56a2
7.91a
.93a 3.80a 1.93a

COI"'MINGLBD
STD1

.44

. 19

HOLSTEIN
STD

13.95 b
.22

8.28ab
.45

JERSEY/GUERNSEY
STD

14.23a
.08

7.44
.24

PSYCHROTROPHIC
STD

~).

7.62a c
.28

.89a
.02

4.34ab 1.62ab
.39
.27

HIGH SOMATIC CELL
STD

l4. l4ab
.23

8.05ab
.03

.70a
. 10

4.38 b 1 . 01 b
. 23
.27

..

.03
.90a
.04

. 15
3.74a
.41

.OH
1. 03 b

.48

c 1. 00 b 4.43 b 1.37ab
. 12
.48
.49

:...·;.

46ab
.36

---------------------·-----------------------------------1.

STANDAHD DEViATION

2. l"'hANS NOT FOLLOWED BY THE SMIE LETTER IN COLUMN DIFFER
(P< .05)

•

.?

~,

.

well with a solids level of 14.5%, as determined by moisture oven
methods.

Since this was the range of total solids desired to

achieve maximum yield (Narashimhan, 1979), it was decided that
refractive index would be used to determine when ultrafiltration
was to be stopped.
The Holstein milk retentate had the lowest level of total
solids but the highest level of protein.

The Jersey/Guernsey

milk retentate had the lowest mean level of protein and an
intermediate total solids level.

Although there was no direct

correlation, there appears to be a relationship between
refractive index and protein quality and configuration.
The lactose levels of the retentate indicate that the
lactose diffused across the membrane and was almost
equilibrium with the permeate.

in

Fat was entirely retained.

An examination of the partitioning of the mineral components
confirms that the minerals associated with the micelle, such as
calcium, phosphorus and magnesium were concentrated, but the
soluble elements, potassium and sodium remained in equilibrium.
The data in Table 5 demonstrate that the minerals that would
be associated with proteins and enzymes are concentrated.

This

agrees with data published by Green et al. (1984).
In order to compare yields of cottage cheese made in this
study, a factor must be derived which can be used to determine
the amount of concentration that has occurred.
Most
~

of

the

information

needed

to

calculate

concentration factor and the resulting value is in Table 6.
16

the
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TABLE · 5.--MEAN METAL COMPOSITION OF SKIM MILK RETENTATE

----------------------------------------------------------------------------------------------------------------PPM
----------------------------------------Fe
Cu
Zn
Mn
Mg

SAMPLE

--------------------------------------------------------2.65a2
.07a
9.64a
.08a 139.00ab

COMMINGLED
STDl

1. 52

.30

1. 61

.09

. 91 b
.20

.06a
.07

7.20a
2.79

.05a
.04

166.80a
30.82

1. 18 be

.07a
.07

8.68a
2.23

<.U5a
.00

169.51Ja
40.39

2. 23a e .18a
. 40
.32

7.55a
.91

<.05a

.oo

JU9.00 b
33.16

1. 33 be

8.60a
3.56

.08a
.06

120.2Uab
8.60

HULSTE!N
STU
JERSEY/GUERNSEY.
STD
.t'SYCHROTRUPHIC
STD
HlGH SOI"IATIC CELL
STD

.42
~

.38

.24a
.18

30.24

-----------------------------------~--------------------

--

1. STANDARD DEVIATION
2. MEANS NUT FOLLOWED BY THE SAME LETTER IN COLUMN DifFER
(P<

.05)

TABLE

~.

--CALCULATION OF CONCENTRATION FACTOR BASED ON
PROTEIN RECOVERY FOR PASTEURIZED SKIM MILK
RETENTATE

----------------------------------------------------------------------------------------------------------------kg PROTEIN! PRESENT
CONCEN
SANPLE

SKIM MILK RETENTATE

~

-TRATION
RECOVERY FACTOR

--------------------------------------------------------COMMINGLED

18.762

HOLSTEIN

18.65

JERSEY/GUERNSEY

17.323

92.234

2.6795

17.15

91.95

2.818

22.23

21.17

95.26

2.061

PSYCHROTROPHIC

18. 94'··

17.26

91. 13

2.735

HIGH SOfviATIC CELL

18.94

17.14

90.51

2.663

-

--

----- -- -------- ·-------------- ---- ----·------------------ -----------------

1. KJELDAHL NITROGEN X 6.38
2. WEIGHT OF MILK X % PROTEIN OF SAMPLE
3. WEIGHT OF RETENTATE X % PROTEIN OF SAMPLE
4. PROTEIN IN RETENTATE / PROTEIN IN MILK
5. PROTEIN IN RETENTATE / PROTEIN IN MILK X % RECOVERED

explanation may be warranted at this point.
calculate this

factor,

the

concentration must be known.

total

In order to

protein available

for

To derive this value, the percent

protein of the milk, retentate and permeate is determined using
the Kjeldahl procedure for total nitrogen and multiplying the
total nitrogen by the factor of 6. 38.
retentate,

The weights of the

permeate and milk can then be multiplied by the

appropriate percent protein to obtain the total protein in each
of the fractions.

The amount of protein in the retentate and

permeate must equal that in the milk.
In order to determine the yield of cheese based on the milk
that was used, the adjusted observed yield was divided by the
concentration factor.

There was a great variation between the

yield obtained for the various milks.

It became quite evident

that the quality and composition of skim milk before OF had an
effect on the final yield.
found in Table 7.
highest

The milk with the lowest bacteria counts,

solids and

concentration factor,
18.67%.

The summary of these calculations is

protein

level

also

had

the

lowest

and a yield that was extremely high,

The other milks resulted in yields between 11.56%-

12.57%.
Edam Cheese
The production of Edam milk retentate was similar to that of
skim milk retentate with a few very important exceptions.
that had been standardized to about 3.10% fat was used.
•

of the milk was adjusted to 6.2.
17

Milk
The pH

The addition of diafiltration

•

TABLE

'7.--MEAN YIELDS OF COTTAGE CHEESE MADE FROM SKIM
MILK RETENTAI'E
-· --· ---------------------------------------------- ------ -------------------

- -- --·····
-----------------------------------~---------------------

% ADJUSTED TO
80 " MOISTURE

OBSERVED
RETENTATE
BASEl

SAI"IPLE

ADJUSTED
RET ENT ATE
BASE2

TO i'U LK

BASE3

--------------------------------------------------------COMMINGLED
25.80
33.31
12.43a5
STD4

.98

1. 90

28.60
1.
62
·..

32.98
1. 57

11. 70a
.56

29.67
.94

38.48
1. 86

18.67 b
.90

PSYCHROTROPHIC
STD

24.00
3.56

31.62
3.67

11. 5 6a
1. 34

HIGH SOMATIC CELL
STD

27.00
1. 22

33.48
1. 08

12.57a
.40

HOLSTEIN
STD
.•.

"
JERSEY/GUERNSEY

....

~

STD

.-

--·

-- --·- -----

__________________

..,_.

. 71

~

_________________________________ _

1. KG CURD I KG RETENTATE X 100
2. KG CURD I KG RETENTATE X 100 X% MOISTURE IN CURD X .2
3. OBSERVED RETENTATE BASED YIELD / CONCENTRATION FACTOR
OF HETENTATE
4. STANDARD DEVIATION

5.

MEAN~

(P<

•

NOT FOLLOWED BY THE SAME LETTEH IN COLUMN DIFFER
.05)

water was used to reduce the amount of lactose present in the
retentate.
Milks standardized had casein to fat (C/F) ratios of .81 for
the

commingled,

.79

for

the

Holstein,

.93

for

the

Jersey/Guernsey, .85 for the psychrotrophic and .80 for the high
somatic cell count milk.

Although it would have been desirable

to have the C/F ratio the same for all the milks evaluated, it
was not possible, since a rapid method for the evaluation of the
components was not available.
The composition of the various retentates that were produced
is in Table 8.

The difficulties encountered in obtaining a

constant solids level using refractive index are represented in
Figure 8.

Although the same level was indicated by the

refractometer, there were significant (p<.OS) differences in the
actual solids levels in the retentates.

The design of the UF

equipment used in this experiment resulted in the generation of
considerable quantity of foam.

The presence of foam made it

increasingly difficult to read the refractometer and care had to
be taken to obtain a sample for refractive examination.

The use

of silicon-based defoamer was necessary to disperse the foam and
process the retentate.
Diafiltration has been advocated as a method for reducing
the amount of lactose present in retentate.

Data presented in

our study indicate that it also may affect the protein levels

•

that are attainable.

Analysis of the permeate before and

af~er

the addition of diafiltration water indicate that the lactose
18

TABLE

~.--GROSS COMPOSITION OF EDAM CHEESE MILK

RETENTATE
-·-·--· ------- -- -- ---·--·-------- ----------------------------------------

--------------------------------------------------------MEAN %
----------------------------------------TOTAL
SOLIDS PROTEIN FAT
LACTOSE
ASH

SAI"'IPLE

--------------------------------------------------------COMMINGLED
24.22a2
9.61a
9.80a
3.34a
1.47a
STDl

.57

.26

.35

. 10

. 52

HOLSTEIN
STD

26.66 be 10.69 b 11.48 b
6.99
3.34
3.37

3.34a
1. 92

1.15a
.59

JERSEY/GUERNSEY
STD

24.36ab
.60

10.18ab
.52

9.60a
.23

3.29a
. 15

1.30a
.58

P::lYL:HROTHUPHIC
STD

:.!e-.67ab
l. 38

10.46ab
.87

9.63a
.34

3.46a
.27

1.13a
. 11

::lUMATIC CELL 25.96 be 11.41 b
9.87a
3.51a
1.16a
STD
1. 09
.68
.58
.31
.40
- ---- ------------ --------------- ---·- ------------------------------ --· -- -------·

lllGH
-···

1. STANDARD DEVIATION
L..

(P<

•

.

;"lEA.NS NOl' FOLLOWED BY THE SAME LETTER
.05)

li'l

COLUl'IN DIFFER

levels are indeed reduced by the dilution effect of the added
water.

The total solids level was decreased, but the total

amount of protein in the permeate was increased.

This increase

represents a considerable loss of protein when applied to the
total volume of permeate that was removed after the addition of
water.
The concentration factor for the different milks varied from
3.027X to 4.172X (Table 9).

The protein and total solids level

definitely have an impact on the concentration factor.
quality also appears to have an effect.

Protein

The effect that high

somatic cells have on the cheese yielding capacity of milk has
been documented

(Barbano and Rasmussen,

1987).

This study

demonstrates that high somatic cell counts also have a negative
impact on the cheese yielding capacity of retentate made by the
OF concentration process.
Again the issue of cheese yield must be addressed.

It

should be emphasized that the equipment used to produce the
cheese was not conducive for attainment of high yields.
The format developed to calculate cottage cheese yield is
also used for arriving at Edam cheese yields.
calculations are found in Table 10.

The results of

The respective concentration

factors were used to adjust the observed yields to the yields
that would be obtained from milk.

The calculated value is

derived using the Van Slyke and Price formula.
Cheese yielding capacity of milk and its effect on profit,
is not the only criterion that must be met when cheese is
19

TABLE

~~--CALCULATION OF CONCENTRATION FACTOR FOR EDAM
CHEESE MILK RETENTATE, BASED ON PROTEIN
RECOVERY

------------------------------------------------------------------------------------------------------------kg PROTEIN! PRESENT
CONCEN
::lAMPLE

--------------------MILK
RETENTATE

~

RECOVERY

-TRATION
PACTOH

--------------------------------------------------------CUMI"ll NGLED

24.89:.!

22.093

88.754

3.3945

HOLSTEIN

24.33

21.31

87.59

3.386

JhH::lhYIGUE.RNSEY

'l8.87

26.24

90.88

3.027

~SYCHROTROPHIC

26.44";.';.

23.57

89.13

3.462

21.34

·87. 73

4. 17 2

-""

HIGH SOMATIC CELL 24.42

--------------------------------------------------------1. KJELJJAHL NITROGEN X 6. 38
2. WEIGHT OF MILK X % PROTEIN
3. WEIGHT OF RETENTATE X % PROTEIN
4. PROTEIN IN RETENTATE I PROTEIN IN MILK
5. PROTEIN IN RETENTATE I PROTEIN I~ MILK X % RECOVERED

TABLE

10--I"IEAN YIELDS OF EDAI"'-TYPE CHEESE MADE
FROM RETENTATE

---------------------------------------------------------------------------------------------------------·-------ADJUSTED TO 42 %

MOISTURE

-~-------------------------------

OBSERVED
HETENTATE
BASEl

SAi~IPLE

ADJUSTED
TO MILK CALCULATED
VALUE3
DIFFERENCE
BASE2

--------------------------------------------------------31.65
·9.33a5
9.85
.520

L:Ul"li"'lNGLED
STU4

HOLSTEIN
STU
JERSEY/GUERNSEY

...

STD

1.20

33. 18
.73
33.51
1. 25 ~-:

PSYCHROTRUPHIC
STD

-

.34

9.7tl b
. 19
11.07 c
. 41

9.76

+.011

10.63

+.434

....

30.20
.47

8.72
.14

d

10.05

-1.336

HIGH SOMATIC CELL 31.17
STU
.65

7.47
.16

e

9.73

-2.261

---------------------------------------------------------1. YIELD = KG CHEESE/KG RETENTATE USED
2.

YIELD = OBSERVED RETENTATE BASED YIELD/CONCENTRATION
FACTOR

3. YIELD= ((.93% FAT+ (.78 ~ PROTEIN-.1))1.09
/TOTAL SOLIDS(100)
4.

STANDARD DEVlATlUN

5. ;'·tEA/\18 NOT FOLLU\'iED BY THE SANE LETTER IN COLUI"IN DIFFER
tP<

.05)

produced.

Ultimately, characteristics of the cheese such as

flavor, body and texture, as well as the functionality of the
product will determine whether it is accepted by the consumer.
summary of the mean grading scores is found in Table 11.

A
The

only real objectionable flavor that was noted was rancidity which
developed in the cheese made from psychrotrophic milk.
In most methods of sensory evaluation used in the United
States, points are taken away from the total of 10 only when
defects are identified.

Generally the cheese produced using UF

was lacking in flavor, but this is a minor defect, and hence
resulted in relatively high scores averaging 7.25 at 90 d of age.
The main body and texture

d~fects

resulted because the cheese had

an open texture and a firm body which did not change with age.
The second evaluation of the cheese did not reveal any major
changes from the first evaluation.

Although overall scores were

slightly lower, the body remained very firm and the cheese was
judged as being lacking in flavor.

A slight nutty character was

noted by some of the judges.
Therefore, the quality of the raw ingredient-milk-can
definitely have an effect on the cheese made after the milk has
been concentrated by ultrafiltration •

•
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TABLE

11. --i''I.EAN GRL\0 I NG SCORES FOR EVAN CIIEES E !'JADE
USING ULTRAFILTRATION A~ PROCESSING STEP.

--------- ------·------ --· -- ----------------------------------------------- ·- ------

--

--------------------------------------------------------AGE OF CHEESE (MO)

-----------------------3

SAi"'PLE

9

DIFFERENCE

--------------------------------------------------------CONTROL!
7.002
NA3

NA

7.75

7.30

.45

7.40

6.70

.70

7.51)

7.20

.30

6.00

.25

7.00

.47

COMMINGLED
HOLSTEIN
JERSEY/GUERNSEY
i'SYCHROTROPHIC

6.2~·-

_,.

HIGH SOMATIC CELL

7.47

--------------------------------------------------------------------------1.

EJJAN CHEESE i'IADE

2. SCORING, 10
3.

•

=

AT

MSU

NO DEFELi'S

CHEESE NUT AVA 1 LAHLJ~

D~l3-l NG

THE SAI'IE

TIME

PEHIOJJ
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Effects of Curd Firmness and Healing Time on Yields
C. L. Hicks and s. Riddell-Lawrence
University of Kentucky, Lexington 40546-0215
INTROI:>OCTION

In cheese manufacturing the time fran cutting curd to cooking is
described as the healing time of the curd.

A 15 rrdn heal time after

cutting the curd prior to cooking has been suggested in the manufacture
of Cheddar cheese. Little has been reported in the literature
concerning the relation between heal time and cheese yield. Banks and
Muir postulated that healing curd may allow the curd to case-harden and
render it less susceptible to attribution during processing. Cheese
manufactured using a 7 rrdn heal time had neither an increase in yield
nor an increase in protein or fat retention over unhealed vats.
Curd strength at cutting has been suggested to affect the recovery
of milk conponents in the cheese curd. Cutting curd gels when soft may
decrease cheese yield due to loss of fat and curd fines into the whey.
Cutting coagula that is too firm retards syneresis and results in high
moisture cheese.
Therefore, this study was undertaken to clarify the relationship of
curd firmness and healing time on retention of protein, fat and moisture
in curd and on yield of stirred curd cheese. Curd firmness was measured
objectively with a CEM curd firmness device. Curd heal times of 0 to 30
min in the cheese manufacturing process were examined.
RESULTS

Cheese manufactured with different objectively measured curd
strengths at cutting were compared to determine the effect of curd
firmness on cheese yield. A randomized complete block design with four
treatments (curd strengths at cutting of 50, 75, 100 and 125 mv measured
objectively on a CEM Curd-Firmness device) was replicated four times in
each of three studies for a total of 48 vats of stirred curd cheese.
8th Biennial Cheese Industry Conference, August 23-25, 1988
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Calf rennet and Mucor mdehei protease were used as coagulants in Studies
1 and 2, respectively, and time from cut to cook was varied. Higher dry
matter cheese yields and lower fat losses were observed when curd was
cut at lowest curd tension. Vats cut at 50 mv were healed longer which
allowed coagulum to bind fat globules tighter. In Study 3 calf rennet
was used as the coagulating agent and all vats were healed 15 mdn before
cooking. Firmest coagulum strength at cut point increased dry matter
cheese yield slightly. Protein, fat and moisture retention in cheese
were not affected by treatment in Study 3. Curd healing time influenced
cheese yield more than coagulum strength at cut point.
Cheese was manufactured with variable heal times to determdne the
effect of curd healing time on stirred curd cheese yield. A randomized
complete block design with three treatments (vat healing times from cut
to cook) was replicated six and four times in Studies 1 and 2,
respectively, for a total of 30 vats of stirred curd cheese. In Study
1, heal times of 15, 22 and 29 mdn were used in manufacturing cheese.
Curd was not healed or healed 15 or 30 min in Study 2. Cooking curd
immediately after cutting resulted in significantly lower moisture
content in cheese, lower raw cheese yields and higher fat loss into
whey. Healing cheese curd 15 min or longer decreased syneresis
resulting in higher moisture cheese and increased raw cheese yield.
Extending heal time to 30 mdn resulted in a significantly smaller loss
of fat into whey. Healing time had a significant effect on moisture
retention, fat loss and raw cheese yield.
To cut curd at an exact firmness does not seem as important as
healing the curd for an extended period.

Although a small yield

increase could be observed when the curd was cut at a firmer point,
larger increses were observed when heal times were extended past 15 min.
Apparently, fat losses are dimdnished when curd particles are healed.
The casein micelle structure shrinks as whey is expelled and locks the
fat globules into the structure. When dleese is stirred during and
after the cutting step the surface fat globules migrate more freely into
the whey •

•
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DERIVING PLANT SPECIFIC CHEESE YIELD FORMULAS
Rodney J. Brown
Nutrition and Food Sciences
Utah State University
Logan, Utah 84322-8700
Intro<iuction
Every cheese plant has need of an accurate way to predict cheese yield from milk
composition. Cheese yields obtained compared with expected yields indicate levels of
cheese making efficiency. Milk payments to farmers are now based on predicted cheese
yielding capacity of milk. Plant profitability cannot be predicted and plans cannot be
made without accurate yield predictions. Fortunately, this once difficult problem is no
longer difficult.
Yield Formulas
Cheese yield is defined as the weight of cheese manufactured from a given weight of
milk. It is usually stated as pounds of cheese per hundred pounds of milk. Many formulas
have been developed to predict cheese yield from milk composition. Most are based on
percentages of fat and casein in milk. Others use fat and solids-not-fat, fat and total solids,
or fat and total nitrogen (Davis, 1965).
The cheese yield prediction formula receiving widest acceptance was derived by Van
Slyke and Price (1949) for Cheddar cheese.
"ld-(.93F+C-.1)1.09
Yle 1- W
Yield= Pounds of cheese per hundred pounds of milk
F

= Pounds of fat per hundred pounds of milk

C

= Pounds of casein per hundred pounds of milk

W

= Pounds of water per pound of cheese

Much of this formula's popularity is because each number and variable has a physical
meaning that is important to a cheese maker. This is a result of the approach taken to find
the formula.
The information used to derive the VanSlyke and Price formula was collected in
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1892 and 1893 (VanSlyke, 1894). One hundred fifty days were spent in New York
cheese factories collecting data. This represented conversion of 939,427 pounds of milk

2

Albumin .65 Lbs
Water
83.1 Lbs

Water
3.9 Lbs

Sugar .2 Lbs
Salts & Albumin .4 Lbs
Casein 2.4 Lbs
Fat3.7 Lbs

Whey 89.4 Lbs

Cheese 10.6 Lbs

Figure 1. Partitioning of milk components during cheese making (based on Van
Slyke and Price (1949)
into 94,192 pounds of cheese. Cheese making was thought of as partitioning the components of milk as shown by Figure 1. Mass balance calculations on each vat of cheese led
to these general conclusions:
" ... average recovery in the cheese of 93% of the milk fat can be expected
under normal conditions. In general it was observed that about one-tenth of a
pound of casein was present in the whey from 100 pounds of normal milk.
The other constituents of milk and the salt added to the cheese contributed
about 9% of the weight of fat and casein retained in the cheese (Van Slyke
and Price (1949)."
The yield prediction formula is just a mathematical presentation of these observations,
arranged for easy application by cheese makers.
Derivation of Yield Formulas
VanSlyke (1894) measured percentages of total solids; fat; cc·.sein; albumin; and
sugar, ash, etc. in each milk sample. He then measured total solids; fat; and protein in the
cheese plus total solids; fat; protein; and sugar, ash, etc. in the whey. From this he
calculated distribution of solids between whey and cheese and recoveries of milk fat and
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protein in cheese. All of this, coupled with pounds of milk used and pounds of cheese
made, led to the VanSlyke and Price formula.
It is now much easier to find a yield formula. We need only measure cheese yield, fat
and casein in the milk, and moisture in the cheese. Most cheese plants routinely collect
this data and have it on file from previous years. This information is entered into a
computer that soon gives us an equation better than what we could have found by the
method VanSlyke and Price used. Several mathematical procedures are able to do this
(including Gauss-Newton, Marquardt, Steepest Descent or Gradient, and Method of False
Position). All are easy to do with a computer but they are too time consuming to do by
hand.
Although many calculations are necessary and the mathematics is difficult to explain,

it is easy to see in principle how these methods work. Suppose we want a yield equation
that looks like:
. ld _ ( a F + b P - c ) d
Y Ie 1- W
We do not know what a, b, c, and d should be, but we can make a very good guess of .93,
.78, .1, and 1.09. (We are guessing that 78% of the milk protein is casein, so "C'' from the
VanSlyke and Price equation has bee replaced here by "b P". This allows us to measure
protein instead of casein.)
The computer first checks to see how closely an equation using our initial guesses
can predict actual yields. It then uses a related set of equations (Table 1) to decide how
much and in which direction to change a, b, c, and d. Then it changes them and checks to
see how close the new equation comes to predicting actual yields. This procedure is
repeated as many times as necessary until the changes are so small that they make no
difference. Table 2 shows an example of how this process works.
Figure 2 is a picture of what happens during computer iteration to find a yield
formula. The object is to get to the bottom of a hole that represents the best match
possible between predicted and actual yields with the data available. We start at the top
with our guesses for a, b, c, and d. Each arrow represents one cycle of the computer
improving on the previous set of guesses. The further our initial guesses are from the
correct values the longer it takes to get to the bottom of the hole.
Another way of looking at this process is shown in Figure 3. Each iteration decreases
the difference between the pl'edicted yield and the actual yield. Because of measurement
errors in the data and because only the major causes of yield variation are included in the
formula, the difference never disappears completely.
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Table 1. Equations to predict changes needed in a, b, c, and d of the yield
formula:
. ld _ ( a F + b P - c ) d
YIe 1- W
aYield

dF

aa = 1- w

aYield

ab

aYield

ac

dP

1-w
d
1-W

aYield

ad=

(aF +bP- c)

1-w

Table 2. Iteration toward a yield formula of the form:
. ld _ ( a F + b P - c ) d
YIe
1- W

Iteration

0 (Initial Guesses)
1
2

a

b

c

d

0.9300
0.9294
0.9286

0.7800

0.1000

0.7873
0.7926

0.0978
0.0941

1.0900
1.0968
1.0976

y ld-(.93F+.79P-.1)1.10
Ie 1- W

5

Poor
Fit

Good
Fit

Figure 2. Representation of iterations toward a yield formula.
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Figure 3. Improvement of fit during iterations toward a yield formula.
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These procedures can be programmed to work with any computer, including small
desktop models. Programs are available ready to run on most computers. The example
shown here gives the same form of equation as Van Slyke and Price used. For
computation purposes it is worthwhile to use a different form of the equation, even
though we lose the ability to describe the meaning of each variable.
Plant-Specific Variation in Yield Formulas
Many variables affect cheese yield. The first thing VanSlyke and Price (1949)
noticed when they started using their equation was that fat recovery was not often 93%.
Many yield equations have surfaced in recent years, intended for general use by cheese
makers. The one formula for all approach will not work.
The most obvious difference in yields is among varieties of cheese. It would not be
reasonable to expect the same formula to predict yields of more than one kind of cheese.
So, separate formulas are needed for each kind of cheese. As an example, these two
formulas are for mozzarella and Swiss cheese:

YM=
Ys=

( .88 F + .78 P- .02) 1.12
1-W

( .87 F +.55 P- .27) 1.10
1-W

Before taking these equations home and trying them, remember that differences
among plants also affect cheese yield. Milk supplies may differ in ways other than
percentages of fat and protein. Cheese making procedures are not the same from plant to
plant, even if they make the same kind of cheese. So, formulas are needed also for each
plant. This equation predicts yield of Swiss cheese, but in a different plant than the
previous formula.

( .73 F + .78 P- .53 ) 1.22
Ys =
1-W
Recently, especially since cheese yield pricing has become popular, many yield
formulas have been circulated. These formulas cannot be used interchangeably among
cheese plants. They give crude estimates of yield, but are not accurate enough to fine tune
plant operations for maximum profitability. Each plant must have a customized formula
for each type of cheese made there.
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Conclusions
Experience helping people in a number of cheese plants has led to a few conclusions:

r:J Reliable prediction of cheese yield is important.
r:J It is easy to develop equations that predict cheese yield from
milk composition.

r:J Separate equations must be derived for each type of cheese and
for each plant.
The information obtained by the simple exercise necessary to predict cheese yields
pays for itself in a short time. It is hard to believe that a cheese plant can operate
profitably today without such information. We are fortunate that it is now so easy.
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Are We Critical Enough . of OUr Cheese Yield Formula?
Address by D.B. Emmons at Eight Biennial Cheese Industry Conference,
Utah State University, Logan, Utah
August 23-25, 1988
(SLIDE #1). "Are We Critical Enough Of Our Cheese Yield Formula?"
Your organizers asked this question, and it begs it's own answer, I think
that we may not have been. This is a typical research answer "may not have
been". But I think there is enough evidence we should at least question
them. We have some possible solutions, but unfortunately work is needed
before one can say that they are indeed solutions.
One of the chief difficulties is that yield formulae are not available
for all varieties of cheese or at least they are not universally accepted.
(I say that not having heard Rod's talk).
Cheese yield formulae are not new. I've not looked exhaustively, but
(SLIDE #2) the first that I found was one that Babcock published back in
1895. That's almost a hundred years ago. Dr. Babcock did more than invent
a fat test.
There have been a lot since then. Perhaps the best-known is the Van
Slyke formula (SLIDE #3), published first by Van Slyke and Publow in 1910 in
the first edition of that well-known book entitled "Cheese". I grew up knowing it as the VanSlyke and Price formula, the authors of more recent editions
the book. Most of you recognize it. It hasn't changed a bit in 80 years, a
tribute I think to the soundness of the work.

(SLIDE #4). It can be reduced to this formula on a couple of assumptions, including that of a constant moisture of 37%. The formula is quite
different from that of Babcock giving almost equal weighting to fat and
casein. Since we do not know what was the moisture content of Babcock's
cheese, we can not attach any significance to the difference in yield. We
use this so-called average milk throughout - 3.6% fat, ·3.2% protein and 2.464%
casein, assuming that 77% of milk protein is casein.
(SLIDE #5). Another formula was that of McDowall in New Zealand for
Cheddar cheese in 1936. We adjusted it to a moisture of 37%. A lot more
have been published, but time does not permit discussing each of them.
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(SLIDE #6). A couple of yield formulae have been developed in The
Netherlands for Gouda cheese. One was published in 1964 and is displayed
here. It is more complicated than the Van Slyke formula, but a good theoretical formula. It estimates the theoretical recovery of fat in cheese and
the fat-free dry cheese and adds the water by dividing by "1-M". This is an
important formula because it contains this term "a"
The .022 is the casein
lost as curd fines. The "a" accounts for the casein that is lost when rennet
acts on it - the glycomacropeptide. It also recognizes that Calcium Phosphate
is attached to the paracasein and is included in the cheese. It is an important part of cheese. We estimated that calcium phosphate is 1.84% of Gouda
cheese and 1.45% of Cheddar cheese. "a" also accounts for the proportion of
casein in protein, which we know varies seasonally.
. .• /2

- 2 (SLIDE #7). This shows the seasonal variation in a in the Dutch work,
varying from .795 to .813, with a mean of .804. In other words the complex of
paracasein, calcium and phosphate going to cheese represents about 80% of
the weight of total crude protein in the milk. Casein itself represents
only 77 or 78% of crude protein.
(SLIDE #8). Returning to the formula, the denominator is a way of
expressing the contribution of salt and whey solids to the fat-free dry
solids. It looks complicated, but there is a simple mathematical way of
getting this which we'll see later.
(SLIDE #9). This is another Dutch formula described by Mr. Lolkema
here at this Conference ten years ago. It_sounded complicated at the time,
but once I began to understand it, the process made a lot of sense. Like the
other Dutch formulae, this is the recovery of the fat in cheese, and this is
the recovery of fat-free dry cheese. Rffdc is the recovery factor for
protein. For Gouda it is 1.140 times the protein going to cheese, plus a
constant of .0742 for salt and whey solids. The 1.140 and .0742 vary for
different varieties of cheese, but we don't know what they are! This formula
is important because it estimates paracasein going to cheese by protein
analysis of milk and of whey.

These Dutch formulae look complicated, but to-day's computers make them
pretty simple to apply.
(SLIDE #10). We modified these formulae as best we could for Cheddar
cheese and reduced them to the same form as the others. We obtained these
estimates of yields, varying from 9.809 to 9.946, a difference of 1.4%.

Which is the correct one? And herein lies the answer to the question
posed in this talk. Another example is found in the Van Slyke formula. Not
many people realize that it was developed based on data collected when the
conversion factor for nitrogen to protein was 6.25. Now it is 6.38.
We calculate that the VanSlyke formula would~ overestimate yield by 2.1%.
The formulae place different emphasis on fat and casein. This is important in such things as multiple component pricing and in indexing of bulls
for cheese yield, as well as predicting yields of cheese from milk of varying
composition.
These kinds of differences are important in the profitability of a
plant. difference of .1 kg is about 1% of yield. (SLIDE #11). At to-day's
cheese prices of $1.50/lb, a 1% difference in yield equates to $1500/day or
half a million per year for a plant processing one million pounds of milk per
day. Small differences are big dollars.
At this point, we could stop and ask ourselves "do we really need
yield formula"? Some respected scientists have said no. (SLIDE #12). For
example, Bob Lawrence reports that in New Zealand they measure efficiencies
of cheese plants by losses of fat and curd fines in the whey and by level of
..• /3
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moisture in cheese. It is claimed that the errors of measurement for fat and
casein are too great to make an estimate of yield accurate enough to be of any
use. They may be right and we must keep this in mind because they are valid
comments.
However, part of being a researcher is challenging conventional wisdom,
so we think that it is worthwhile trying to find a way to use predictive
formulae in cheese plants. It is not quite as risky a venture as it may sound
because the Dutch have used their predictive formulae for a couple of decades
now in helping to control the cheese-making process.
(SLIDE #13). In my view it is likely worthwhile having a target of
theoretical yield because it should help to_ identify problems, such as:

- Errors in measuring of weight of milk and cheese.
Errors in analysis of milk for fat and protein.
Errors in analysis or sampling of cheese for fat, moisture and salt.
- Paying more attention to levels of casein in the protein in milk
and to factors that affect those levels.
- Losses of fat and curd fines.
- Yield formulae are important in pricing milk.
- In research it should be possible to compare treatments on different
lots of milk, not as well as on the same milk, but still possible.
But which formula? A lot of work has been done on making cheese and
analyzing milk to obtain different yield formulae. We hesitated developing
a different formula like this because one builds into it all the errors
associated with that cheese-making. Since there was no obvious choice for
which formula to use, we decided to start back at the beginning and look at
the theory of it. The Dutch formula seemed to be pretty close, but it would
have to be changed to apply to Cheddar and other varieties.
(SLIDE #14). Starting at the beginning, these are photomicrographs of
cheese. On the left, we see one of Cheddar cheese with the fat globules and
the protein between them. On the right we see a larger magnification of
Cottage cheese with the chains of paracasein and the vacated water-phase.
The difference between the Cheddar and the Cottage is that the casein chains
are closer together in the Cheddar. It is the concentration of these chains
in the fat-free phase that determines how firm is the cheese. It is also the
concentration of moisture in the fat-free cheese which is important in
quality. Our New Zealand friends have been saying this for many years. The
trouble with this is that most cheese regulations specify moisture levels in
the cheese, not in the fat-free cheese. Cheese is really then a three-phase
system - a discontinuous fat phase - a continuous phase of paracasein - and a
continuous waterphase.
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(SLIDE #14). We can look at cheese in another way. These are four models
or ways of thinking about the composition of cheese. "a" is how the Van Slyke
formula is modeled; the salt, whey solids and moisture are distributed evenly
to the fat and paracasein. "b" is the model for the Dutch formulae; moisture
is portioned to fat and a combination of the paracasein complex and the salt
... I4

- 4 and whey solids. Both "a" and "b" fit the requirement of a constant moisture
in cheese. "b" is appropriate when fat-in-the-dry cheese is a standard. It
gives slightly more emphasis to casein than to fat than does the "a" Model in
yield equations.
Model "c" shows moisture portioned only to the combination of paracasein,
salt and whey solids • It is what I call the New Zealand approach and deals
with moisture in the fat-free cheese. It has real application where low-fat
versions of varieties of cheese are being made because the properties of low
fat cheese are much closer to those of the full-fat version if they have the
same moisture in the fat-free cheese than if they have the same moisture.
Model "d" is the same as Model "c" except that it is based on volume
rather than weight. As such it is probably theoretically more appropriate.
But we have not pursued this. Models "c" and "d" fit the structure of cheese
shown in the photomicrographs more closely than Models "a" and "b".
{SLIDE #16). Returning to use of Model "c" or the constant moisturein-fat-free cheese, these are the German regulations for Camembert with FDC of
30, 40 and 45%. The moisture contents are 62, 58 and 56%., lower as thefat is
increased. The moistures in the fat-free cheese are 70% in all cases.
(SLIDE #17). The International Dairy Federation uses moisture in the
fat-free cheese as the criteria for defining cheese as soft, semi-soft, firm
and hard cheese. Cheddar has an MFFC of 56%, perhaps less and is therefore
classified as a firm cheese. Camembert with 70% MFFC would be a soft cheese.

We then set out to develop yield formulae that corresponded to the models
that we saw three slides ago. It turned out to be not too difficult though
we didn't realize it at the time.
{SLIDE #18). They were derived from this simple formula where the yield
is made up or-its constituents- its fat, the complex of paracasein and CaP04,
salt, whey solids and moisture.
{SLIDE #19). The amount of fat in the cheese is the fat in milk times a
constant corresponding to the %recovery. The amount of the paracasein
complexin the cheese is the amount of casein in the milk times a constant.
The other factors are only the amounts there in the cheese from 100 kg of
milk.
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{SLIDE #20). In this simple formula the amounts of salt, whey solids
and moisture in·the cheese from 100 kg of milk are equal to the levels of
those factors in the cheese times the yield of cheese from that 100 kg of
milk. Substituting these in~formula and taking out the common factorY,
we get the formula in the third line. A simple high school algebraic manipulation gives the formula in the fourth line. It is surprising how long it
took me to figure out how to represent whey solids in cheEse in terms of
measurable quantities of moisture in cheese and of level of solids in whey.
But you see in the next line one of the Type A formulae •
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Manipulation of the formula in the top line in a different way gives the
other Type A formula shown on the bottom of the slide, as well as Type B and
Type C formulae shown in the next slides. You have copies of these formulae
in the hand-out.
(SLIDE #21). These are what we call the descriptive formula corresponding
to Models A, B and C shown earlier. In Type A, the salt, whey solids and
moisture are distributed proportionally to the fat and paracasein. The Van
Slyke formula is a Type A formula. In Type B, the whey solids and salt are
associated only with the paracasein complex and moisture to both fat and
fat-free dry cheese. The two Dutch formulae are Type B formulae. In Type C,
the salt, whey solids and moisture are associated only with the paracasein
complex.
(SLIDE #22). This shows the Type B formulae that were developed. They
have a similar form. The B(a) has SFFC and FC; B(b) has SDC and FDC. B(b)
is almost identical to the Dutch formula of Posthumus, Booy and Klijn. We
never knew how they obtained it until we discovered the derivation.
(SLIDE #23). This shows the Type C formula that was developed.
the MFFC, moisture in the fat-free cheese.

It has

When used for prediction of yield from composition of milk, the various
factors for salt, moisture and whey solids are inserted as constants, unless
the level of solids in whey varies.
(SLIDE #24). A word about the factor Kc· It is the proportionality
factor for the fraction of milk casein retained in the fat-free dry cheese.
it depen~ oo:

losses of casein in curd fines,
retention of Ca and Po4 in the complex of paracasein and CaP04, and
- losses of glycomacropeptide through rennet action.
The
shown on
ence is
we could

values that we have estimated for Kc for Cheddar and for Gouda are
the slide (1.1437 and 1.02990). The apparent reason for the differa higher level of Ca and P in Gouda cheese - at least the values that
find.

It is intriguing that there may be a theoretical basis for addition of
CaCl2 to milk in increasing cheese yields slightly through a higher level of
Ca and P04 in the casein micelle. We do not have yet an easy way of dealing
with variations in calcium and phosphate. We do not know yet whether it is
necessary.
We should point out that these values for Kc are estimates and need to be
verified by experimentation (SLIDE #25). But we don't think that they are very
far off, because these formulae agree fairly well with the Dutch formulae for
Gouda cheese.
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We were very fortunate because Dr. Lolkema gave us in 1978 very complete
analyses of milk, whey and cheese on which to verify these formulae. So we
have more confidence in them than we might otherwise have. The maximum range
is .03 kg or about .3%.
(SLIDE #26).

Turning now to Cheddar cheese.

This lists:

The Model A formulae - the Van Slyke and Type A;
- the Model B formulae - two Dutch formulae and the Type B;
- the Type C formulae and
- two formula which we've called Type E.
Type E formulae are those which are derived from actual cheese-making. The C/F
ratio of Type A formulae are close to 1.1, 1.3 in Type B, 2.9 in Type·c and 2.4
in Type E. The Type E formulae are closer to the Type C formulae in the ratio
of casein to fat than to the Type A and B formula. There is evidence that
there is less variation in MFFC than in moisture.·
With respect to yields, the Type A, Band C formulae and the Dutch formulae appear to result in higher yields than either the Van Slyke or McDowall
formula. So it is reasonable to ask the question about whether we have been
critical enough about our yield formulae. It is too early to answer question
for Cheddar cheese because these newer formulae should be verified in controlled trials in commercial practice before one could say they are better.
{SLIDE #27). One area in which I think they are superior is that they
recognize the whey solids in cheese and that changes in moisture would result
in changes in the amount of whey solids. The Van Slyke formula results in an
increase in yield of 1.55% when moisture is increased from 36 to 37%. When
formulae having a factor for whey solids are included, the increase is
greater. An interesting fact turned up, that the form in which the salt
occurs in the formula also makes a difference in how moisture affects yield.
When salt was as salt-in-the-dry cheese, the additional increase was .2%, when
present as % salt in cheese, it was .24% and when present as a constant of salt
over moisture it was .32%. All forms of the Type A and_B formulae gave identical increases - depending on the form of the salt. We conclude that whey
solids should be present in the formula and that salt should be present as
salt in cheese rather than salt-in-dry-cheese.
{SLIDE #28). Which formula to use is not an easy question. Types A and
B are applicable ·where regulations are based on moisture. Type B would seem
to be more applicable where regulations are based on fat-in-dry-cheese. And
Type C would be preferred where moisture in the fat-free cheese is needed particularly where fat-in-dry-cheese is varied as in low-fat cheese - and where
milk is not standardized and the casein/fat ratio varies; a more uniform
quality of cheese would result.

•

(SLIDE #27). Should we continue to be critical of yield formulae? In
my opinion, the answer is Yes, because I do not think that we know everything
about transfer of milk components to cheese. There is recent evidence that a
fraction (20%) of proteose-peptone precipitates with rennet, but not with acid,
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so the acid-precipitation procedure for casein may not be exact for cheese.
Part of the water is apparently bound to casein in such a way that solutes
like lactose are excluded. So we may be overestimating the level of whey
solids in cheese. These two factors may balance out each other. And finally,
the 6.38 may not be correct for converting nitrogen to casein and paracasein.
And there are undoubtedly other questions.
(SLIDE #28). In summary, some of the potential advantages of the newer
formulae are: (1) They could be used on different varieties of cheese,
although they may need changes in the constant Kc· (2) It will be possible
to equate yields of different varieties ~f cheese and (3) to equate yields of
low-fat and normal-fat versions of a variety of cheese - and to set reasonable
standards for moisture for low-fat versions of varieties. (4) They would be
better where moisture in cheese or levels of solids in whey vary, because they
include whey solids in the formula. The next four deal with the cheese-making
process and their use as predictive yield formulae. (5) They could measure

---------------------------------------
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Van Slyke Formula
Y • (.93F

+

C -.1)1.09
1 - H-

"Cheese" - Van Slyke and Publow (1910)

Slides 2.ll.5
Babcock

1.1F

+

2.5C

C/F
2.27

Van Slyke

1.609F

+

1.661C

1.03

9.885

McDowall

1.013F

+

2.501C

2.ll7

9.809

Yield
10.120
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Posthumus. Booy and Klijn {196li)(Gouda)
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(Fat in Cheese + Fat-Free Dry Cheese)

~

Kc

+

- SDC - FDC

_ __

~-w:J ~-~
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Period

a

A

.784
.783

1

.813

2

~808

3
4
5
6
7
8
9
10
11
12
13

~808
~808
~800
~801

Mean

~782
~780
~779

.791

~799

~779

~796
~796

~775

;795

;770

~800
~812
~812

~771

;785

.804

.779

~773

~780

From Posthumus et al. 1964
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C/F

Yield

Van Slyke

1.609F

+

1.661C

1.03

9.885

McDowall

1.013F

+

2.501C

2.47

9.809

Posthumus et al.

1.476F

+

1.880C

1.27

9.946

Lolkema

1.476F

+

1.871C

1.27

9.924
Slide 119

Lolkema {Gouda)
I •

Rtfdc

{P • Rtf de

=

+

F ~Kr)

1.140

[

J

1
1 .-. M

.0742

Plant processing 1 million lbs of milk/day
{10% yield)

•

1S yield

{cheese at $1.50/lb)

= $ 1,500/day
= $547,500/year
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Photomicrographs
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Models of cheese
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German Regulations
for Composition
of Camembert
FDC

Dry Cheese

Calculations
Moisture

Fat

-s- -

---

HFFC

-

30

38

62

11.lt

70

Ito

lt2

58

16.8

69.7

lt5

lilt

56

19.8

69.8
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Descriptive nomenclature of cheese for firmness based
on moisture in the fat-free cheese.
Description

HFFC

Soft
Semi-soft
Firm
Hard

>66
61-68
lt9-63
<51

Cheddar ( 37SH)

ca56
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+
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Type A.

Formulae where salt, whey solids and llOisture are distributed
proportionally to both fat and paracasein
I •

Type B.

c.

G- HJ

Formulae where salt and whey solids are included only with
paracasein, and moisture is distributed proportionally to fat
and fat-free dry cheese
I •

Type

l. r 1 1

Fat + pcCaPOJ& in Cheese
Fraction of Fat and pcCaPO- in Dry Cheese~

rat

in Cheese +

r

pcCaP04 in Cheese~
1
(Fraction of pcCaP04 in·~Fat-Free Dry Cheese
-

1

HJ

Formulae where salt, whey solids and moisture are combined
only with paracasein, with moisture as moisture in fat-free
cheeses {HFFC).
I

= Fat in Cheese

+

~(FractionpcCaP04
~ r1 1
of pcCaP04 in·~- HFFGJ
Fat-Free Dry Cheese)
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Type B.

Formulae where salt and whey solids are included only with
paracasein, and moisture is distributed proportionally to fat
and fat-free dry cheese
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Slide 123
Type c.

Formulae where salt, whey solids and moisture are combined
only with paracasein, with moisture as moisture in fat-free
cheeses (HFFC).

Y = Fat in Cheese

Y = F•Kf

+

C~K~

-:-1--~s==F=Fc~-~"':-:MF=F=c=-----::-:HF=F=::c::"""":":w=s
1 - ws

Slide #24
"Kc" - proportionality factor for the fraction of milk
casein retained in the curd. It depends on
-losses of casein in curd fines·
- retention of Ca and P04 in the pcCaP04 complex
- losses of glycomacropeptide through rennet action
Kc (Cheddar) • 1.01437
Kc (Gouda)
= 1~02990
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Gouda Cheese
Formula

Yield
kg/100 kg

Lolkema

10.831

Posthumus et al.

10.812

Type A

10.841

Type B

10.842

Type C

10.844
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Effect of Whey Solids and Salt on Yield when
Moisture Changes
Moisture in Cheese - S
36
Whey Solids in Cheese - S
2.50
Whey in Cheese - S
38~50
Yield (VSP Formula) - kg
9~7283
Difference in Yield - kg
S Increase in Yield (VSP)
S Increase in Yield With
Type A(a} Formula Based On

- soc
- sc
- SC/H

37
2.57
39~57
9~8827

.1544
1~58

.195
;240
=

Constant

~316
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Cheddar Cheese
Model A
Van Slyke
Type A General
Model B
Posthumus et al.
Lolkema
Type B General
Model C
Type C General
Type E
Babcock
McDowall

C/F

Yield

1.609F +
1 ;584F +

1.661C
1 ;727C

1.03
1;09

9.885
9;958

1.476F +
1;476F

+
+

1.880C
1;871C
1;884C

1.27
L27
1;28

9.946
9;924
9;957

.93F

+

2.682C

2.88

9.956

+
1.17F
1;013F +

2.5C
2;501C

2.27
2;47

( 10. 120)
-9;809

1~476F

Slide #30
Potential Advantages or New Formulae
1. Use on Dirrerent Varieties or Cheese
- May Need Changes in Kc
2. Equate Yields or Dirrerent Varieties or Cheese
3. Equate Yields or Low-Fat and Normal-Fat Versions
or a Variety or Cheese.
4. Better Where Moisture in Cheese or Levels or Solids
in Whey Vary.
Cheese-Making Process and Use as Predictive Formulae
5. Measure or Erriciency or Cheese-Making
6; Control the Process
1. Assist in Identirying Problems
8~
Target

Slide #31
Saying No (X+ 1)
Conrucius say "Sights not set high enough,
danger or shooting selr in root - or worse!"
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QUANTITATION OF WHEY OR NON-DAIRY SOLIDS IN CHEESE
PRODUCTS USING AMINO ACID ANALYSIS
Rodney J. Brown
Nutrition and Food Sciences
Utah State University
Logan, Utah 84322-8700
Introduction
Milk proteins can be divided into two main categories. About 80% of milk
proteins precipitate upon acidification of milk to pH 4.6. This group of proteins is known
as casein. Proteins remaining in solution at pH 4.6, constituting the other approximately
20% of milk protein, are called whey or serum proteins.
Measuring milk proteins and detecting added proteins in milk and dairy products is
often important.

Proteins differ from each other in charge, size, shape, and in number of

bound phosphate or sugar groups. They also differ in sequence of amino acids and
numbers of each amino acid. This last characteristic can be used to measure the amounts
of individual proteins or groups of proteins in a mixture. This paper will describe how
this can be done.
Procedures
To demonstrate the possibility of this procedure, amino acid analysis was used to
measure individual proteins or groups of proteins in several different kinds of mixtures.
Individual milk proteins were measured in mixtures of several milk proteins. Casein was
added to nonfat dry milk and the amount added was measured. Whey proteins were
added to nonfat dry milk and the amount added was measured. Goat milk was added to
cow milk and the amount added was measured. Ultrafiltration concentrated "cheese
base" was used in preparation of processed cheese and the amount used was measured.
For amino acid analysis six normal hydrochloric acid was added to sample vials for a
final concentration of 5 mg of protein per ml 6N HCl. Vials were placed in an ultrasonic
cleaner and flushed with nitrogen, alternating with vacuum. After 4 min, vials were
sealed under vacuum. Samples were placed in a heating block and heated for 4 hat 145±
2°C. After hydrolysis, samples were removed from the heating block and allowed to
cool. Ten microliters from each sample was filtered through a 0.2 Jlm filter and dried
with nitrogen gas. Dried samples were stored frozen.
Samples were analyzed for amino acids using a B.eckman 6300 Amino Acid
Analyzer. Hydrolized samples were dissolved in 250 JJ.l sample dilution buffer and
loaded into a sample coil. As many as 15 samples were run at one time with data
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recorded as peak areas. Amino acid standards were used to calculate quantity of each
amino acid in samples.
A computer program written for a small laboratory computer was used to quantify
milk proteins in mixtures using the Gauss-Jordan procedure of solving simultaneous
equations. Only a small amount of the information available was needed to determine
amounts of each component in the two component mixtures (casein/nonfat dry milk, etc.)
so forward stepwise multiple linear regression was used to select the best amino acids.
Results
The basis of this method is the knowledge that each protein has a different amino
acid composition. Five pure milk proteins were prepared and analyzed by amino acid
analysis. They were a-,~-, and K-casein, ~-lactoglobulin and a-lactalbumin. Table 1
shows results of the amino acid analysis of these pure milk proteins. Figure 1 shows
graphically how large the differences in amino acid composition are among these
Table 1. Amino Acid analysis of milk protein fractions.
Protein
Amino Acid

a-CN

~-CN

K-CN

~-LG

a-LB

( mg Amino Acid I 100 mg Protein)
ASP

8.199

5.033

7.271

10.202

18.104

GLU

22.316

21.649

20.253

18.227

13.056

SER

4.208

4.256

4.349

2.867

3.636

GLY

1.900

1.248

1.133

1.174

2.617

HIS

2.787

3.248

2.766

1.671

3.118

ARG

4.428

4.432

2.981

1.631

THR

5.293

4.388

5.170

ALA

3.336
2.854

3.096
3.832
1.723

4.101

1.719

PRO

7.046

14.545

10.523

5.435
4.938

TYR

7.587

3.188

5.982

3.824

VAL

5.007

7.649

5.920

5.187

5.059
4.411

ILE

5.372

4.639

6.470

5.695

6.530

LEU

8.286

10.662

7.183

13.939

11.256

PHE

4.888

5.721

4.335

3.449

4.526

2.717
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Figure 1. Amino acid quantities in milk proteins.
proteins. Whey proteins, a-lactalbumin and ~-lactoglobulin, have higher concentrations
of aspartic acid and leucine while caseins have higher concentrations of glutamic acid,
serine, and proline.
Five different mixtures with varying ratios of these five proteins were made and
analyzed for amino acid composition. Concentrations of individual proteins in each of
these mixtures were estimated as shown in Figures 2-6. In each figure, estimated values
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are close to actual values. (Unfortunately the method used to measure actual values has
some error too, so we cannot tell how close the estimates are to actual.)
Figure 7 shows graphs of concentrations of two amino acids, tyrosine and aspartic
acid, versus concentrations of casein in casein/nonfat dry milk mixtures. Zero percent
casein is 100% nonfat dry milk. The changes in quantities of tyrosine and aspartic acid
are small as casein is increased in the mixture. The protein in nonfat dry milk is about
80% casein, but this small change in concentration can be measured.

80
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20

0 ~---_,._

4.4

4.8

5.2

_.,.

5.6

TYR (mg/100 mg Mixture)

7.0

7.4

7.8

ASP (mg/100 mg Mixture)

Figure 7. Amino acids in casein/nonfat dry milk mixtures.
Of the twenty amino acids available, only tyrosine and aspartic acid are needed to
accurately predict the amounts of casein and nonfat dry milk in a mixture (Figure 8). Use
of more amino acids in the prediction is not necessary and does not improve the estimates
(Figure 9).
The same procedures were repeated for whey protein added to nonfat dry milk
(Figures 10 and 11) and for goat milk added to cow milk (Figures 12 and 13). Finally,
the same procedures were used to estimate the amount of "cheese base" added to the
natural cheese used in making precessed cheese. These predictions are shown in Figures
14 and 15.
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Figure 8. Multiple Regression equation using Tyr and Asp to predict
concentration of casein added to NDM.
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Figure 10. Multiple regression equation using Thr and Pro to predict
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Figure 11. Number of amino acids required in multiple regression equation
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Figure 12. Multiple regression equation using Val and lie to predict
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Conclusions

r:J Concentrations of milk proteins in mixtures can be simultaneously estimated by
the information contained in a single amino analysis of the sample.

r:J Relative amounts of proteins in mixtures can be determined by regression
equations based on amino acid differences among groups of proteins.

r:J Addition of whey protein or casein to nonfat-dry milk or goat milk to cow milk
can be detected by amino acid analysis.

r:J Addition of milk protein from another source such as ultrafiltration concentrated
"cheese base can be detected by amino acid analysis.
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Introduction

Biological Metals Detoxification:
Metals contamination of the environment is a serious ·problem
throughout t,he world.

Once placed in the environment metals can be··

recycled either chemically or biologically into more hazardous forms
and unlike organic hazardous wastes cannot be reduced to harmless
components.
metals.

Mercury is one of the most toxic and potentially hazardous

An economical process of removing mercury from polluted

water and sludge is needed.

Problems with chemical and physical

methods of mercury removal limit their application to industrial
situations,.

For instance, in the sulfide precipitation procedure safe

disposal of mercury laden sludge can cause severe problems and the
cost of chemicals is high.
Biological removal of mercury is an efficient, safe and economical
alternative for control of mercury pollution (Hansen, 1984).
microorganism species can resist mercury stress.

Some

Among them are:

Escherichia coli (Smith, 1967; Komura and Izaki, 1970; Summers and

•

Silver, 1972; Schottel et al., 1974), Staphylococcus aureas (Kondo et al.,
1974; Novick and Roth, 1968; Weiss et al., 1977), Pseudomonas spp .
1

e-

(Tonomura et al., 1968; Clark et al., 1977) and Bacillus cereus (lzaki,
1981).

Resistance to mercuric and organomercury compounds in

bacteria results from enzymic detoxification of mercury compounds
(Silver, 1985).

All the microbial strains mentioned above reduce

Hg 2+and volatilize HgO to rid it from their environment.(Robinson and
Tuovinen, 1984).
Williams and Silver (1984) reported that reduction of mercury by
mercuric reductase probably involves transfer of electrons from NADPH
to FAD, then to the active site disufide, and eventually to the chelated
mercuric wn.

Bacterial resistance to mercury is determined by

plasmids, which in many cases also encode resistance to other heavy
metals and antibiotics (Robinson and Tuovinen, 1984).
Detailed studies on mass balance for mercury distribution after being
transformed have not been done.

But it appears that not all of the

influent mercury is recovered from the volatilized form.

Losses of up to

25% of radiolabeled mercury compounds have been reported.

These

losses are attributed to nonbiological factors such as sorption to the
surface of the vessel or leaky seals (Summers and Lewis, 1973 ).
One application of microbial mercury detoxification has been
demonstrated in which 70 mg/L mercuric ion was tolerated and
removed- from influent raw domestic sewage (Hansen et al., 1984).
Microbial population changes observed during treatment of mercuric
. ion include decrease in population of the original strain of E. coli and
replacement of the strain with other bacteria including Pseudomonas,

Acinetobacter, and Staphylococcus spp.
loss in their ability to reduce mercury.

Strain replacement caused no
This suggests that there must be

transfer of plasmids in the reactor (Williams and Silver, 1984).
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Cheese Whey and Whey Permeate:
For every 100 lbs of whole milk processed into cheese, about 90 lbs
of whey is produced which contains about 5% lactose, 1% protein and 1%
minerals (Morris, 1979).

Annual production of whey in the United

States is more than 37 billion lbs (Nolan, 1983).
this production is disposed of as raw waste.

A significant portion of

This whey is highly

polluting if discharged untreated and presents a serious environmental
problem.

Whey has a chemical oxygen demand of approximately

78,000 ppm, an indication of high pollution potential (Williams, 1984).
Disposal of whey as waste is not only costly but also represents loss of
valuable nutrients.
Ultrafiltration (UF) is used to separate whey protein and other water
soluble components by hyper filtration.

e

Most of the whey protein is

recovered in the retentate and can be used as a food ingredient.

Most

water soluble components including lactose, minerals and vitamins
necessary for microbial growth come out of UF as whey permeate.

The

large quantity of lactose in whey permeate causes biochemical oxygen
demand (BOD) values close to those in whole whey (Table 1).

Permeate

from ultrafiltration of milk is similar in composition to whey permeate
(Table 1).
Most research to find uses for whey has dealt with application of
processing techniques such as concentration, drying etc.

These methods

produce usable products, but many are economically marginal because
of expenditures necessary for equipment, labor and energy.

Nutrients

necessary for microorganisms to grow and function include C, H, 0, P, K,
N, S, Ca, Fe, and Mg (Stanier, et al., 1986) and most of these are available
m cheese whey.

Most minerals and water soluble vitamins in milk are

m the whey (Williams, 1984).

Therefore, one possibility for whey

utilization is biological detoxification of hazardous waste.
3

A major problem in using microbial technology for whey utilization
that few bacteria can use lactose as their substrate.

IS

In this study, an

attempt was made to. use lactose and other nutrients in whey permeate
to detoxify mercury contaminated water biologically.

It was expected

that lactose, a reducing sugar, might chemically reduce mercury to its
elemental form as well as serving as a carbon and nutrient source for
bacteria to biologically reduce mercury.
Table 1. Average Composition of Cheese Whey and Whey Permeate
(Zellner, et al. 1987; Glover, 1971)
Composition

Whey

Whey

Milk

Permeate

Permeate

------------------------------------------------------------------------~--

Total Solid (%)

5

4.2

5.4

Lactose (giL)

40

40

46

Total Nitrogen (giL)

1.9

0.512

0.5

Calcium (rnM)

7

2

COD (giL)

75

50

A mass balance study was also completed, which characterized the
distribution of mercury after being transformed.

The experimental

results are useful in examining possible recovery of mercury from
industrial wastes.
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Materials and Methods
Bacterial Strain:
Mixed culture from a secondary wastewater treatment aeration tank
was used in all experimental runs.

The culture had been acclimated to

mercuric ion ( 10 mg/L of Hg 2+ added as HgC1 2) for over three. ·months.
Medium:
1. Defined Lactose Medium:
Minimal salt medium contains 7.0 g/L potassium phosphate dibasic
(Mallinckrodt Inc.), 3.0 g/L potassium phosphate monobasic (EM
Industries Inc.), 0.5 g/L sodium citrate (Chas. Pfizer & Co., Inc), 1.0 g/L
ammonium sulfate (Aldrich Chemical Co., Inc.), and 1-2% lactose (Sigma
Chemical Co.).
2.

Diluted Whey Permeate medium:
Diluted whey permeate, containing 1-3% lactose, was obtained by

ultrafllttttion of Swiss cheese whey from Gossner Foods Inc., Logan,
Utah.
Reactor:
The reactor was a New Brunswick Scientific Microferm, "Bioflo"
Model C-30, equipped with variable mixing and aeration and aqtomatic
t~J1lperature and liquid level control.

reactor is 1.4 L.

The working volume of the

Temperature was maintained at 35°C.

The mixer was

operated at 100 rpm to avoid foaming problems when protein level was
high in the reactor.

Aeration was kept at 1.5 L/min.

When the. reactor

was operated in a continuous mode, HgCI2 solution and medium were
fed separately in a continuous process which kept the hydraulic
5

retention time (HRT) at 14 h.

The influent, HgCl2 solution and medium,

were introduced into the bulk solution in the reactor.
Mercury Traps:
Effluent gas was put into two mercury traps in series made of 3%
w/v potassium dichromate (EM Industries Inc.), 14% v/v sulfuric acid
(J. T. Baker Chemical Co) (Wu and Hilger, 1985). Under such a strong

acidic and oxidizing environment, elemental mercury is oxidized and
~..--.' ·'~

dissolved into solution.
Experiments:
1. Chemical Reduction m Defined Lactose Medium:
Experiments were first carried out on batch mode in lactose medium
without inoculation of culture to determine whether lactose can reduce
Hg2+ chemically to its elemental form.

The whole system was

autoclaved and maintained sterile throughout the experiment.
2. Biological Reduction in Defined Lactose Medium:
Following the chemical reduction experiments, 5 mL of mercury
resistant mixed culture was added to the reactor containing medium.
The reactor was operated in a batch mode for 10 h with aeration (1.5
L/min.), before adding mercury,

to allow sufficient bacterial growth.

Then, the system was shock loaded (mercury added at one time) to 45
mg/L of Hg2+.

Both medium and mercuric ion were then fed

continuously to maintain 45 mg/L Hg 2+ in the influent and the system
was run for 80 h.
3. Biological Reduction in Diluted Whey Permeate:
The reactor, filled with diluted whey permeate, was inoculated with
6

5 mL of mixed culture.

The reactor was operated in a batch mode for

10 h to increase the bacterial population.

Then both Hg2+ solution and

diluted whey permeate were fed continuously into the reactor.
shock loading and non-shock loading was practiced.
were run for 120 h.

Both

The experiments

4. Mass Balance Study:
Diluted whey permeate (1 :4) was used as medium in the mass
balance study.

The system was checked for leaks before start-up.

study was done after the system had reached steady state.

The

The

agitation was turned up to 200 rpm to have a more homogeneous state
of the reactor. Excess foaming did not occur.
shown in Figure 1.

WHEY PERMEATE

The experimental setup is

MERCURY

-TRAP 2

TRAP 1

EFFLUENT

Figure I. Experimental Setup for Mass Balance Study
Mass of influent mercury was 86.68 mg (concentration was 75
7

Samples were taken at the end of the e~periment period from

mg/L).

trap 1, trap 2, reactor and effluent.

Samples- from the reactor and

effluent were taken when they were completely mixed.
filtrate mercury were measured.

Both total and

Analysis:
1. Mercury
A Perkin-Elmer Mercury/Hydride Atomic Adsorption system was
used to measure mercury concentration.

The reductant used was

sodium borohydride (NaBH4) in sodium hydroxide solution.

Samples

collected from the reactor were preserved with 5%(v/v) HN03 , 0.01%
Cr 2

0l-

before digestion (Feldman, 1974).

Standard digestion for

determination of mercury by the cold vapor technique was followed
(ALPHA..:AWWA-WPCF, 1980)..
2. Microorganisms
Standard plate counts for bacterial colonies were carried out
(ALPHA-AWWA-WPCF, 1980).

The plate agar media contained:

Tryptone (5 g/L), Yeast extract (2.5 g/L), glucose (1 g/L), Bacto-Agar
(15_ ..g/L), and Hg2+ (40 mg/L) added as HgC1 2 • Plate colonies were typed
·-~

at Biology Department, Utah State University and Microbiology
Department, Logan Regional Hospital.
3. Lactose
Lactose was quantified by measuring its capacity to reduce copper
ion (Shaffer and Somogyi, 1933).

8

Results and Discussion
1. Chemical RedJction in Defined Lactose Medium:
Chemical reduction of Hg 2+ by lactose was examined.

Occasional agar

plate examination showed no bacteria were in the batch mode reactor
throughout the study.

No significant reduction of Hg2+ or obvious

changes in lactose concentration occurred (Figure 2).

Chemical

reduction effects were negligible.
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Figure 2. Lactose and Mercury Concentration in Sterile Defined Medium
2. Biological Reduction in Defined Lactose Medium:
Following the 10 h batch growing period bacterial population reached
107.5 CFU/mL (Figure 3) and lactose concentration was 0.09 % (Figure 4).
With these conditions, the system was shock loaded to 45 mg/L Hg2+.
Then Hg2+ (45 mg/L) was added concurrent with lactose (1%) in a
continuous process.
9

Shock loading, at time zero, reduced the number of bacteria by 100
times.

After one HRT (14 h) the number of bacteria went back to what

it was after the 10 h (batch) growing period and continued to increase
rapidly.

Bacteria isolated from the reactor were determined to be

Pseudomonas spp. and E. coli.
During this experiment, influent lactose was maintained at 1%.

In

the first HRT, shock loading at 45 mg/L Hg2+, forced bacteria into a lag
growth phase (Figure 3), in which they acclimated to their environment.
In this phase, the influent lactose accumulated in the reactor to a level
of 0.5%, bacterial growth then went into,Jog growth phase.

Lactose was

utilized very fast after one HRT (Figure 4.) and eventually, after 21 h,
decreased to about 0.05% and the system reached steady state.

These

results suggest that Pseudomonas spp. and E. coli can utilize lactose to
detoxify mercury contaminated wastes.

There was no chemical

reduction of mercury, so all the lactose was used by bacteria for cell
synthesis, maintenance.
The Hg2 + concentration in the reactor decreased and reached steady
state after one HRT (Figure 4).

Under steady state conditions and

· influent Hg2+ at 45 mg/L, mercury removal efficiency was greater than
95%

Mercury was reduced in the reactor and then volatilized out with

the reactor effluent gases.

•

This was verified in the mass balance study .
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Figure 3. Bacteria Population in Shock Loading Experiment with Defined
Medium. (Zero time, in the figure is the beginning of the continuous run
after 10 h of batch growth).
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Figure 4. Lactose and Mercury Concentration Changes in Shock Loading
Experiment with Defined Medium.
•

(Zero time in the figure is the

beginning of the continuous run after 10 h of batch growth).
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3. Biological Reduction in Diluted Whey Permeate Medium:
Having proved lactose can be used as carbon source for mercury
detoxification, influent mercury concentration was increased to 75
mg/L, which was successfully removed in previous studies with other
carbon sources (Hansen, et al. 1984).

The reactor was shock loaded to

bring Hg2+ concentration to 75 mg/L after 10 h batch grm.ving period
(without mercury).

Plating of reactor contents showed no viable

bacteria in the reactor.

Lactose and mercury concentration in the

reactor are showen in Figure 5.

Death of the bacteria was attributed to

the initial high mercury concentration in the reactor.
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Figure 5. Mercury and Lactose Concentration in Shock Loading
System (75 mg/L Hg2+) with Whey Permeate Medium
The study was repeated without shock loading with an influent
mercury and lactose concentration of 75 mg/L and 2% respectively.
•

After 10 h bacterial growing period (without mercury), the lactose
12

concentration m the reactor was 1.5% and bacterial population was
109.2 CFU/mL.

Then Hg2+ was loaded at a constant concentration of 75

mg/L in the influent without shock loading.
After one HRT, the system reached steady state and effluent mercury
concentration was maintained below 7 mg/L (Figure 6).

Since the

mercury concentration in the reactor was maintained much lower than
that in the shock loading system (Figure 5), a significant number of
bacteria survived (Figure 7).
The influent lactose concentration was kept at 1.2% by diluting whey
permeate.

When the system reached steady state, effluent lactose

concentration was 0.8-0.9% (Figure 6).

Sludge material appeared to

accumulate at the bottom of the reactor.

The bacterial population in the

reactor decreased when continuous Hg2+ loading began and after one
HRT (Figure 7) reached steady state.

The steady state bacterial

population was still relatively high and adequate to remove over 90% of
the Hg2+.

13

......

1.6
1.4

6

--I

1.2

u

1.0

'#.

8
Lactose
Hg++

-:
ICI

4

0

!I

-

:::;;
E

ICI

%

2

0.8
0.6
0

50

100

nme

(h)

Figure· 6. Lactose and Mercury Concentration Changes in Non-shock
Loading System (75 mg/L Hg2+ in the influent) with Whey Permeate
Medium
9.4
9.2

:::;;

i

9.0

.2

8.8

ICI

-•

'i:

u•

•

8.6

CD

8.4
8.2
0

50
nme (h)

100

Figure 7. Bacteria Population in Non-shock Loading System
(75 mg/L Hg2+ in the influent) with Whey Permeate Medium

14

4. Mass Balance Study:
After the non-shock loading system reached steady state: constant
mercury and lactose effluent concentrations and bacterial population,
the mass balance study was carried out for a period of 11.6 h.
system was sealed gas tight.
through mercury traps.

The

Effluent gases gases were forced to pass

Tubing was kept as short as possible.

' During the experiment, agitation was kept at 200 _rpm.

This was

selected to avoid foaming problem of whey permeate. . The system was
not in the completely mixed condition.
bottom of the reactor.

Grayish sludge settled to the

To properly trace the mercury, effluent samples

were taken during the run and while the reactor was completely mixed
at 400 rpm (no precipitates on the bottofu).

Analysis of completely

mixed samples taken at ·the beginning of the run and in the end (after
,·

e

11.6 h). showed there was an increase of mercury in the reactor as
shown in Table 2.

The distribution of mercury is shown in Table 2.

A comparison of mercury associated with the sludge and in solution
is shown in Table 3.

The values represent total mercury concentration

of completely mixed sludge and liquid in the reactor and mercury
concentration of supernatant (filtrate of reactor contents).

Total

mercury values given include both elemental and mercuric mercury.
The filtrate contained only mercuric mercury since elemental mercury
is insoluble in water.

Mercuric mercury accumulated in the sludge to a

concentration of 0.22 mg/L/h.

15

Table 2. Distribution of Mercury Concentration m Mass Balance Study
(mg).
Cumulative Hg2+

Cumulative Hg2 +

at the beginning (T=O h)

in the end (T=l1.6 h)

Influenta

86.68

------

Trap ta

------

33.60

Trap 2a

------

0.881

Effluenta

38.87

·"'- ·:t

3.584

Increase in
react ora
Total

86.68

76.935

a: The cumulative mercury at T=O is taken to be zero, establishing a
baseline for the mass balance study.

Table 3. Mercury Concentration Present in Completely Mixed Reactor
Contents at the Beginning and in ·the End of Mass Balance Study (mg/L):
Hg2+ (Total)

Hg2+ (Filtrate)

Reactor at T=O

94.34

2.15

Reactor at T=ll.6 h

96.9

2.15
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In the mass balance study, 88.8% of influent mercury was accounted
for.

Some mercury may have adsorbed onto the tubing surface or onto

the glass vessels used to make mercury traps and collect effluent.
About 40% was collected in the two mercury traps.

This indicates that

at least 40% of the mercury was transformed into volatile form.

Conclusions

1. Lactose does not have a significant reducing effect o~" Hg2+.
" 2. Lactose in whey permeate can be used as carbon and energy sources
m biological detoxification of Hg2+ in wastewater.
3. In a one stage continuous reactor, with 14 h HRT, up to 75 mg/L
influent Hg 2+ and whey permeate medium, Hg2+ removal is above
90%.
4. In the mass balance study, over 88% of mercury was accounted for,
in which 40% was trapped from the volatile form.
5. In this system, the bacteria resistant to and which can reduce Hg2+
were Psudomonas spp. and E. coli.
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Abstract
In developing new markets for whey and whey products, the protein
portion has been more successfully utilized than the lactose. Although
potential use of lactose in numerous food and some nonfood products has been
reported, lactose consumption has seen little increase over the last 15
years. Fermentation of lactose has provided a wide variety of products, but
p~actical applicati~n has been deterred due to competition from other
carbohydrates. Simple isomerization, reduction and oxidation products have
been examined extensively. Successful and competitive product development
utilizing lactose will need to take advantage of the unique chemical and
physical properties of the lactose molecule.
Introduction
One characteristic lactose has in common with other disaccharides is
that of an under-utilized commodity. In addition it presents problems of
waste disposal. Data from 1972 to 1985 indicate littl~ progress in lactose
utilization (Table 1). This suggests that research efforts focused on
lactose may ·not have identified commercially viable products. One possible
strategy is to create new groups of products from lactose such as detergents,
plastics and resins, pharmaceuticals, and agricultural chemicals. However,
each product is competing with existing markets and will need to demonstrate
economic advantages or improved characteristics in· order to succeed.
Food Uses for Lactose
Table 2 lists several functional properties of lactose in foods. The
use of lactose in infant formulas and as a carrier for pharmaceutical
preparations is well .established. Lactose is traditionally used in preparing
infant formulas because human milk is higher in lactose than cow milk.

2
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Lactose has been reported to aid in the absorption of calcium and phosphorus
{Ali and Evans, 1973). Table 3 lists a number of food products which utilize
or have been examined for potential incorporation of lactose.
Lactose_ is hydrolyzed slowly in the intestines, resulting in a steady
energy supply and a comparatively constant blood glucose level between
feedings. It is believed that lactose assists in the development of lactic
acid flora which may inhibit the growth of pathogenic flora.
The pharmaceutical industry has taken advantage of the tablet forming
properties of 1actose. Crystalline 1actose is nonhygroscopi c and sui tab 1e
for an anticaking agent in dry powders. It has been used as a carrier for
synthetic sweeteners and flavoring agents. Lactose glass, in contrast, is
very hygroscopic. In instant dried milk preparations moisture is carefully
added back to the powder forming loose aggregates. These are redried to form
a free-flowing material which dissolves easily. Similarly, lactose can be
added to other foods before drying with subsequent agglomeration and redrying
to form an easily dissolved product.
The use of lactose in bakery products has been mainly in the form of
whey powder. Milk solids have been criticized for their loaf volume
depression properties in yeast leavened breads. However, Harper et al.
(1983) examined the use of whey-based products in breadmaking, and concluded
that the loaf depression ~ssociated with use of some whey-based products was
not related to lactose concentration. Because of the reducing nature of
lactose, browning of crust is increased. In addition, lactose is not
fermented by baker's yeast, allowing it to participate in the baking and
browning process. In baked products, lactose can also contribute to flavor,
texture, and shelf life. Lactose can increase the tenderness of biscuits and
doughnuts (Potter and Zaehringer, 1965 and Hoffstrand et al., 1965).
Regarding Maillard browning, Jelan and Jadhav {1974) used lactose in
the form of whey as a source of reducing sugars for browning of French-fried
potatoes. The use of lactose as a browning agent in microwave foods may have
potential. Jelan and Breene (1973) used lactose to improve the texture in
dill pickles. Lactose remained intact while other sugars were degraded by
the fermentation process. The residual lactose improved the brittleness,
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hardness, and elasticity of the pickles. Subsequent work by Jelan and Chan
(1981) with vegetables also showed increased firmness due to lactose.
Increasing lactose content correlated significantly with average hardness of
peas, beans and carrots following retorting and storage.
Lactose-based products have been suggested as being particularly
suitable for addition to comminuted meat products as flavor enhancing and
binding agents (Pinel, 1981).
Lactose Hydrolyzed Syrup
Although hydrolyzed lactose can be considered a chemical derivative of
lactose, because of its extensive history it will be considered separately.
Today lactose hydrolysis can be achieved by acid or enzyme hydrolysis. Acid
hydrolysis is accomplished with either mineral acids or, more commonly,
cation exchange resins (Table 4). -·Whey ·is not suitable as a substrate for
acid hydrolysis because of excess browning due" to the protein material
present. The process works for pure lactose but the resulting syrup is not
economically competitive with corn syrups.
The application of lactose-splitting enzymes for dairy products dates
back to 1950. In the 1960's lactose malabsorption problems became more
widely recognized. The first commercial enzyme preparations were marketed in
the early 1970 •s. One of the first products was a 1actose-hydro lyzed mi 1k
powder produced in the Netherlands. Subsequently, groups began studying
immobilization of beta-galactosidase to reduce costs and improve efficiency.
Enzymatic hydrolysis can be used with milk or whey without browning problems.
Beta-galactosidase preparations .may vary in their proteolytic activity.
Si"nce the optimal pH is between 6 and 7, acid whey must be neutralized before
hydrolysis. Streptococcus thermophilus has also been examined as an enzyme
source (Smart et al., 1985). Immobilized beta-galactosidase is fixed to a
carrier material and then put into the reactor (Figure 1). The flow rate of
substrate thru the reactor regulates the degree of hydrolysis. Enzymes from
mold sources are more commonly used with immobilization techniques. Yeast
derived enzyme is most suitable for non-immobilized batch processes.
Processing costs after the initial investment, are similar for hydrolyzed
whey syrup and ordinary whey powder.
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Solubility is increased with lactose hydrolysis. Hydrolyzed lactose
whey can be dried to 60-70 percent solids without crystallization problems.
Spray dried lactose hydrolyzed whey tends to be more hygroscopic than normal
dried whey. The rate of non-enzymatic browning is increased unless the pH
and temperature are lowered.
Lactose hydrolyzed whey syrups or whey syrups have been examined in many
food systems (Table 5). In the UK whey syrup is used to replace ~weetened
condensed milk. In Finland whey syrup is used in bakery products and in
Finland and Sweden it is used in flavored whey beverages (Harju, 1987). .. Whey
syrup can be used to replace 50 percent of the sucrose in ice cream
(Bjorklof, 1981). Wines have been prepared from hydrolyzed permeate and
lactose syrups (Roland and Alm, 1975). Good results have also been observed
in confect'i-onary products (Shogren et al., 1979), canned fruits and
vegetables (Chandan et al., 1982) and meat products (Cassella, 1985). Little
has been dooe regarding standardization of whey syrups. This may cause some
delays in commercial applications. To avoid this problem, Harju (1987) has
suggested immediate use of whey syrups in animal feed. Since many animals
are lactose intolerant preliminary lactose hydrolysis may be advantageous.
Feeding trials using whey syrups have been successful. The ratio of whey in
feeds can be increased 40 to 50 percent by replacing barley and soy meal with
whey syrups (Alaviuhkola and Harju, 1985).
Chemical Derivatives
The most common chemical derivatives of lactose, excluding hydrolyzed
lactose, are lactitol, lactulose, and lactobionic acid.
Lactitol. Lactitol is produced by the hydrogenation of lactose (Figure 2) .
. Lactitol is an odorless, colorless, sweet, and nonhygroscopic material
(Tables 6, 7, 8, & 9). It is stable in foods such as chocolate, bakery
products and chewing gum. The viscosity of an aqueous solution of lactitol
is similar to sucrose. Since the reactive carbonyl group is missing, it does
not contribute to Maillard browning reactions. Streptococcus mutans forms
acid slowly from lactitol, and without polysaccharide formation. It is not
hydrolyzed nor absorbed in the small intestine and is tolerated by diabetics.
Lactitol is similar in metabolism to dietary fiber. Its metabolic energy is
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about 50 percent that of sucrose. Little discomfort is observed if less than
50 g/day is ingested. Lactitol alters the metabolism of cholicacids,
compounds related to colon cancer.
The physiological and physical properties of lactitol may be utilized in
the production of products for diabetics, reduced cariogenic products, and
reduced calorie foods. Relative sweetness values are shown in Table 10. If
a sweeter taste is desired than that provided by lactitol a synthetic
sweetener would be required. Lactitol has been used in·a variety of products
(Table 11).
Lactulose. Lactulose can be prepared from lactose by alkaline epimerization
(Figure 3). The resulting isomerized product consists of fructose linked to
galactose. It is not found naturally but is formed in heated milk (Table
12). Yields of lactulose from preparations using boric acid and base
catalysts are over 90 percent and the technique has been applied directly to
sweet whey (Hicks et al., 1984). The amount of lactulose produced in the
world per year currently amounts to 6,000 tons. The amount of lactose used
for this production is equivalent to about 3 percent of the total lactose
production (Mizota et=al., 1987).
Much of the interest in lactulose has developed because of its
therapeutic potential (Tables 13, 14 & 15). It is claimed that the presence
of lactulose in infant foods promotes the development of Bifidobacterium
bifidum in the intestinal flora, mimicking the flora present in healthy
breast-fed infants (Mendez and Olano, 1979). The beneficial roles of
Bifidobacterium for the host organism are to produce vitamins, to assist in
_digestion and absorption, to prevent the growth of putrefactive and
pathogenic bacteria' and to stimulate the immune response. Lactulose is not
hydrolyzed nor absorbed in the mouth, stomach and small intestine. In the
large intestine it produces an increase in Bifidobacterium.
Lactu-lose is used in some areas for the prevention and treatment of
porta 1 systemic encepha 1apathy and chronic constipation. Porta 1 systemic
encephalopathy is a disorder of the central nervous system that occurs as a
complication of advanced hepatic cirrhosis. Neurological disturbances appear
ranging from mild mental abberation to coma. It is believed the disorder is

6

~

manifested when ammonia and other nitrogenous substances, formed excessively
in the intestine, escape detoxification by the liver and are transported to
systemic circulation and on to the brain where they have a toxic effect.
Bifidobacterium metabolites cause a decrease of pH, reducing the level of
ammonia in the blood. Lactulose appears to be as effective as neomycin in
Many. lactulose and
maintenance therapy (Bircher et al., 1971).
Bifidobacterium products have been introduced to commercial markets in Japan
(Morinaga Milk Ind. Co., Ltd. Tokyo, Japan).
BeG~wse

of the greater sweetness of lactulose compared· to lactose and
its increased solubility, it could be used as a partial replacement for
sucrose in food applications. Ingestion of large quantities~:"'f the sugar
(150 g/day) can lead :to flatulence and diarrhea. Huhtanen et al (1980) found
lactulose more inhibitory toward test organisms than sucrose (Figure 4}.
Lactobionic Acid. Lactobionic acid is obtained by the oxidation of lactose
(Figure 5). Calcium lactobionate is a white, odorless, free-flowing powder.
It is soluble in water and has a bland taste. Under neutral to mildly
alkaline conditions. it is resistant to hydrolysis. Calcium lactobionate can
be used as a gelling agent in pudding mixes. It may also serve as a
sequesterant to prevent mineral precipitation during fruit and vegetable
processing.
Further Derivatives. Lactose has a unique chemical structure. Its reducing
properties are due to the glucose portion of the molecule. There are two
primary hydroxyl groups and six secondary hydroxyl groups (Figure 6). One of
the secondary groups is a 1so an anomeri c hydroxyl group. There arrangement
of hydroxyl groups or their configuration can lead to significant changes in
physical and sensory properties. To modify the molecule at certain sites,
selective solvents, reagents, and reaction conditions are used. Reactions
can be prevented by using protective blocking groups which are later removed.
Lactitol is sometimes preferred in performing chemical modifications since
its non-reducing property provides a more stable molecule.
An example of a typical reaction involving blocking groups is the
conversion of lactose to its 3-epimer, allolactose (Figure 7). Since carbon
number 3 is less reactive to the benzoyl group, it is left free while the
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Further reaction causes an inversion of the
others are b1ocked.
configuration at C-3 resulting in allolactose. Isopropylidene acetals are
often used as blocking groups for pairs of hydroxyls (Figure 8).
Certain sugar derivatives are of particular interest. The deoxy sugars
are widely found in nature as constituents of polysaccharides and as free
deoxy-hexoses are components of cardiac glycosides.
sugars. Tenninal
They
n
.
are also antigenic determinants in bacterial polysaccharides. Amino sugars
are components of antibiotics and bacterial polysaccharides.
Lactose
containing oligosaccharides are found in hormones, antibodies and growth
factors. Chlorinated sugars have been found to possess intense sweetness.
Theories have been developed to explain the sweetness properties of sugars
from a molecular basis (Daniel and Whistler, 1982). These theories have been
useful in predicting the sweetness of numerous sugars. Use of a technique
such as molecular graph theory may be useful in predicting lactose
derivatives with desirable properties. Synthetic pathways could then be
developed.
Carbohydrates can have economic opportunities as feed stocks for some
parts of the chemical industry. Market penetration will depend largely upon
how welJ carbohydrate processes compete with petrol~um based processes. A
major effort by the, sucrose industry to determine potential industrial uses
of sucrose was initiated in the early 1950 1 s. Sucrose esters were one group
of compounds extensively studied. Much of the work on sucrose could be used
to investigate lactose and lactitol as chemical feedstocks. A list of
poss i bil i ties is contained in appendix A.
Fermentat.i on of Lactose
In the U.S., Canada and Brazil, fermentation technology is projected to
contribute 20 percent of chemical industry sales by the end of this century
(Frost and Sullivan, 1982).
The number of fermentation products with
potential commercial interest is large (Table 16). Selection of a suitable
process must consider market and economic as well as technological factors.
Acetone, butanol and ethanol were produced commercially by fermentation
during 1916 to 1950. By 1976 competition from petroleum sources left only 5
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to 10 percent of these i terns being produced from fermentation processes.
Currently, potable ethanol may have the best economic potential.
Production of 2,3-butylene glycol from cheese whey has been examined
(Speckman and Collins, 1982}. This product can be converted to 1,3-butadiene
(Long and Patrick, 1963}, a monomer currently supplied by the petrochemical
industry, that is polymerized into synthetic rubber. The glycol is also used
in making pharmaceuticals, cosmetics and plastics.
Numerous polysaccharide materials have been produced using lactose as a
substrate (Table 17). Xanthan gum from Xanthamonas campestris ~as become a
widely used ingredient for foods as well as non-food applications. Although
the organism normally utilizes glucose as. its carbon source, strains have
been isolated which use lactose in whey as the sole source of carbon and
energy (Schwartz, 1987). Synergism with dextran produced from Leuconostoc
mesenteroides grown on whey was also observed. Polysaccharides vary greatly
in their structural characteristics and functional properties. Developing
polysaccharides to meet the requirements of specific products has been the
purpose and justification of numerous researchers.
Production of polysaccharides by lactic acid bacteria is utilized in
yogurt manufacture for improved body and texture. Schellhaass and Morris
(1985) reported decreased syneresis and increased viscosity in skim milk gels
fermented by ropy strains of lactic acid bacteria.
Conclusions
is apparent that lactose has been found suitable for use in a wide
variety of.· products.
However, without some advantage ·over existing
ingredients or supplies, either economically or functionally, use of lactose
or lactose derivatives will not occur. Much work has been accomplished in
the areas of lactose fermentation and lactose hydrolysis. Also, lactitol and
lactulose synthesis and utilization have been extensively studied. Less work
has been devoted to other chemical derivatives and to the use of lactose as
an industrial chemical feedstock.
Increased marketing effort will be
required in order to identify where the s pee i fi c needs exist. Improved
techniques for predicting functional properties of lactose derivatives would
be desirable.
It
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APPENDIX A
Sucrose and Lactose Derivatives
Introduction
The conversion of lactose by chemical processes into products of greater
worth is of interest to the dairy industry and to individuals using those
products. Currently, competition with the petrochemi ca 1 industry for the
market of these products is strong. In addition, products derived from
lactose would need to be exclusive or show processing advantages over sucrose
which is in a surplus production situation.
Sugar molecules are somewhat unstable, which is an important
characte_ristic in biological reac.tions, but a disadvantage in chemical
reactions. Since sugar hydroxyls are"'less reactive than water, aqueous media
are difficult to use. The high ratio of oxygen to carbon limits organic
solvents to most commonly pyridine, dimethyl formamide and dimethyl
sulphoxide.
Yields with oxygen-rich sugars compared to oxygen-poor
petrochemical starting materials_are reduced due to co and _H o production.
2
2
Most feasible reactions utilizing sugars as substrates are those where
no simple syntheses using petrochemicals have been devised and those where no
loss in weight is .observed. This implies the retention of the oxygen atoms
along the hexose chains.
Since some 10,000 chemicals and chemical
intermediates have been developed from sucrose along with over 500 patents,
using this as a starting place and observing the potential advantage of
lBctose over sucrose in these reactions is a valid consideration. Several of
the more significant of these sucrose products will be listed along with
appropriate comments.
Synthesis
Fatty acid esters of sucrose
Sucrose esters have been in production for a number of years
by the Ryoto Company of Japan. They are important in view of
their non-ionic surfactant properties, non-toxicity and
biodegradability.
Their
wetting,
detergent,
foaming,
dispersing and emulsifying properties give them a wide range
of utilization for food and household use. The less studied
lactose esters may possess functional advantages for certain
applications over sucrose esters.
Sucrose acetate isobutyrate
The lactose derivative may be used in lacquers, printing ink,
hot melts and similar protective and decorative coatings.
Sucrose octaacetate
Adhesive, denaturant for ethyl alcohol, impregnating and
glossing agent for paper, and as a plasticizer for phenolic
and alkyd resins and cellulosics.
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Sucrose octabenzoate
Used in lacquers to improve gloss, hardness and UV stability.
Also used as viscosity modifier in adhesives and for
increasing the transparency of paper.
Heptacyano-ethyl ether of sucrose
Used as dielectric component of insulating fluids. Ethylene
and propylene oxides react with sucrose to give mixture of
poly~hydroxyalkyl ethers.
Further reacted with long chain
fatty acid chlorides or esters, this compound could function
as a surfactant.
Sucrose polyurethane
Sucrose is reacted with propylene oxide, in the presence of
potassium hydroxide as catalyst, to produce the polyether:
oxygenated sucrose, which in turn is reacted with tolylene
diisocynate to give a rigid insoluble highly cross-linked
polymer of the polyurethane foam class'. Sucrose represents
about 20% of the total annual market for rigid urethane foam.
Lactose from whey permeate has been used to produce
polyurethane foam in a similar manner.
Sucrose polycarbonate
Sucrose reacting with ethyl chloroformate in the presence of
alkali produces the mixed polycarbonate, which was evaluated
as a potential resin intermediate. However, ithydrolyses too
readily and may be better suited to another sugar.
Sucrose xanthate
Sucrose reacts readily in aqueous solution with carbon
disulphide, with barium hydroxide as catalyst, to give a
mixture of xanthates. On further reaction with an alkyhalide,
S-alkyl sucrose xanthate is obtained which has potenti~J as a
surfactant and chelating agent. Lactose would be expected to
form a xanthate also. A similar reaction involving cellulose
is used to make rayon and cellophane. A lactose derived
polymer may function in making a film or fiber by way of the
xanthate form.
Chlorinated lactose
Chlorinated sucrose molecules have been synthesized which are
up to 2,000 times as sweet as the parent molecule.
Chlorinated lactose species as well as lactulose and lactitol
have been attempted.
Difficulties in separation may be
overcome by the use of bonded phase packing in the appropriate
chromatography column. Numerous animal testing has shown
chlorinated sugars to have a high LD 50 .
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Degradation
1.

Hydrogenation
Sorbitol, mannitol
There are five main products resulting from the hydrogenation
of sucrose: sorbitol, mannitol, glycerol, propylene glycol
and methyl piperazine. Under mild conditions, a mixture of
sorbitol and mannitol is obtained, while the higher
temperature hydrogenation yields a mixture of glycols.
Sorbitol is a product with a significant market, mainly for
the production of ascorbic acid, also in diabetic foods and as
a humectant in cosmetics. Mannitol is produced simultaneously
with sorbitol, generally in the ratio of 1:3 and recovered by
crystallization.
When ~eated with acids, both mannitol and sorbitol lose one or
two molecules of water and the resulting anhydride on reaction
with fatty_ acids yield esters which are good surfactants.
These products are marketed under the name of Spans and
Tweens.
Glycerol, propylene glycol
Although a number of patents for the hydrogenation of sucrose
to produce glycerol have been issued, the method originated
with the German glycogen process, where a sugar solution was
reacted with hydrogen in the presence of a catalyst at 32,500
kPa and 100-l40°C yielding 40 percent glycerol, 40 percent
propylene glycol and 12 percent hecitols.
2-methylpiperazine
When sucrose is heated at 200°C with ammonia and hydrogen
under pressure (120,000 kPa) with a catalyst, the sugar is
converted into 2-methylpiperazine with a yield of about 29
percent. Aliphatic diamines and amino alcohols are also formed
as by-products. . If the process could be improved, the
piperazine could be used as an intermediate for synthesis of
polyamides allied to nylon.
Lactitol
Lactose can be hydrogenated to lactitol with good yields. The
properties of lactitol in food systems have been studied.
Lactitol may be a more useful starting material than lactose
for further modification due to its nonreducing nature.

2 . Oxidations
Oxalic acid
..
Oxalic acid can be produced by the nitric acid oxidation of
sucrose in the presence of a vanadium pentoxide catalyst with
a yield of 80 percent.
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Arabonic acid
Arabonic acid can be produced by the controlled air oxidation
of sucrose in the presence of a platinum catalyst, in alkaline
medium, and with a yield of about 60 percent. Arabonic acid
can be converted into ribose for the production of riboflavin.
3. Acid Degradation
Hydroxymethyl-furfural
If a weak acid, at 160°C and under pressure, is reacted with
sucrose, 20 percent hydroxymethyl-furfura 1 is obtai ned.
Hydroxymethyl-furfural is unstable and readily undergoes ring
scission. It can serve as an intermediate for a number of
potentially important reactions.
Levulinfc acid
The isolation of levulinic acid from the reaction products of
sucrose and mineral acids can be achieved either by partial
neutralization of the acidic solution and evaporation followed
by vacuum distillation, or by solvent extraction. Levulinic
acid is a versatile product amenable to numerous chemical
reactions. Its sodium salt can be a useful anti-freeze agent~
Sma 11 amounts of 1evu 1in i c acid added to roughage feeds for
cattle may increase utilization of cellulose.
Lactic acid
Although lactic acid is normally
sucrose is heated with lime at
obtained at 70 percent yield.
lactic acid, such as methyl
lactoprenes have been produced.

produced by fermentation when
about 240°C, lactic acid is
A number of derivatives of
acrylate, acrylonitrile and
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TABLE 2.

UTILIZATION OF LACI'OSE IN FOOD PRODUCTS

Anticaking agent
Carrier for antibiotics
Tablet--forming agent
Carrier for artificial sweeteners
Agglomerating agent
Tenderizer and water binding agent in bakery products
Browning agent
Sucrose replacer
Flavor enhancer in ,fish and fruits
Texture improving agent in fruits and vegetables
Custards, fruit pies, jams, preserves and icings
Foam stabilizer
·
TABLE 3.

FOODS IN WHIO:I LACI'OSE IS USED

Dairy products
Sweets
Cocoa and chocolate
Ice cream
Bakery goods
Bread
Flour
Noodles
Snacks
Canned fruits
Jam, .marmalade
TABLE 4.

Sweet drinks
Fruit juice
Liqueurs
Instant drinks
Meats
Canned sausages
Spice and flavorings
Mustard
Dry soups and sauces
Mayonnaise and dips
Frozen desserts

LACI'OSE HYDROLYSIS

ACID HYDROLYSIS
1.
Mineral Acids
2.
Cation Exchange
EN2YME HYDROLYSIS
1.
Batch Process
2.
Irrmobilized Enzyme
TABLE 5.

FOOD APPLICATIONS OF LACI'OSE HYDROLYZED SYRUP

Sweetened condensed milk replacement
Whey beverages
Caramels and other confections
Ice cream, sherbets, water ices
Fermentation substrate (beer and baker's yeast)
Yogurt
Puddings
Spreads and dressings
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PHYSICAL PROPERTIES OF LACTITOL

Less hygroscopic than sorbitol and xylitol
Good solubility (150g/100ml water at 25 C)
Viscosity similar to sucrose solutions
Freezing point similar to sucrose
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TABLE (FIGURE) 7.
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TABLE 8.

CHEMICAL PROPERTIES OF LACTITOL

Stable in presence of alkali
No Maillard reaction
Heat stable
TABLE 9.

PHYSIOL(X;ICAL PROPERTIES OF LACTITOL

Metabolism
Laxative properties
Dietary fiber
Suitability for diabetics
TABLE 10.

RELATIVE .SWEETNESS OF CERTAIN SUGARS
AND SUGAR ALCOHOLS

Fructose
Sucrose
Glucose, maltitol, xylitol
Galactose
Mannitol, sorbitol
Lactitol, maltose
Lactose
TABLE 11.

1.4-1. 7
1

0.6-0.7
0.6
0.5-0.6
0.3-0.4
0.1-0.2

APPLICATIONS OF LACTITOL IN FOOD PRODUCTS

Bakery products
Chocolate
Hard and soft candies
Chewing gum
Jams and marmalades
Ice cream and frozen desserts
Sugar free fruit gums
Beverages
Toothpastes
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TABLE i2. OCCURRENCE IN MILK PRODUCTS
Liquid infant formula
Evaporated milk
NFDM
Whey powder
TABLE 13.

PHYSIOLOGICAL PROPERTIES ASCRIBED TO LACTULOSE

Low cariogenicity
Suppression of intestinal putrefactive bacteria
Suppression of production of harmful substances
Stimulation of digestion and absorption of protein
Vitamin B group synthesis
Stimulation of immune response
TABLE 14.

USES FOR LACTULOSE

Infant nutrition - L. bifidus
1. Relationship?2. Intestinal decomposition?
3. Flora of breast fed infants?
4. Lactulose stimulation?
5. Influence on health?
TABLE 15. MEDICINAL USES FOR LACTULOSE
Laxative
Portal systemic encephalopathy
TABLE 16.

FERMENTATION PRODUCTS FROM LACTOSE

Solvents
Methane
Acidulents
Enzymes
Yeast
Polysaccharides
Amino acids
Vitamins
Antibiotics
Flavor compounds
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TABLE 17.

EXOPOLYMERS FROM WHEY OR LACTOSE

Organism

Polymer

Streptococcus thermophilus
S. cremoris
S. lactis
Lactobacillus bulgaricus

Ropy milk
heteropolysaccharide

Xanthamonas campestris

Xanthan

Corynebacterium No 98

Orange heteropolysaccharide

Zooglea ramigera

Galactoglucan

Alcaligenes viscosus

Levan

Propionibacterium zeae
P. shermanii
P. frudenreichii

Heteropolysaccharide

Lactobacillus pastorianus

Heteropolysaccharide

Aerobacter

Polysaccharide slime
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FIGURE 1.
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FIGURE 4.
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FIGURE 5.
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FIGURE 7.
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EXPORT MARKET -- WHEY, LACTOSE AND DRY MINERALS
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THOMAS E. KALANGE,
Chief Executive Officer
WARDS CHEESE, INC.
Richfield, Idaho
8th Biennial Cheese Industry Conference
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Good

morning,

ladies

I'm

President

Kalange.
Cheese,

Inc.,

the

Richfield,

and

gentlemen,
and

Idaho.

my

General

name

Manager

I'm very pleased

is
of

to

Tom
Wards

be with

you to share some of the things we are doing at Wards Cheese
with whey products which are sold domestically and abroad.
Since the majority of our export involvement has been with
Japan,

I will relate some of the more interesting experiences;

and associations we have had with the Japanese people and companies we have come in contact with.
My
export

talk
of

will

provide

dairy products

you

to

with

some

the Orient

statistics

and elsewhere,

on

the

but

I

have purposely limited this statistical information since it is
readily available from other sources.
Before I get started with that, however, I would be remiss
if I did not take advantage of this forum to recognize someone
in this room who has been so helpful to me, our company and the
entire dairy

industry.

could guess,

to. Dr.

Tony Ernst rom.

round of applause for
(pause for applause)

I'm referring, ras

this

qualities,

We all know how much Dr. Ernstrom

of

us

at

our

discussion.
technical

I want him to know

personally appreciate his help.
I think,

attendance

individual

has done and still does for our industry.
how much I

in

I ask you to join me in a

outstanding

.

most

One of his unique

is his phenomenal ability to speak to each

level

of

understanding

of

the

topic

under

He is comfortable discussing the highest level of
matters
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related

to

our

business,

and

equally

as

comfortable and thorough in his approach with those of us, like
myself,

who

training

are

and

hard-headed

the

many

and

years

proficient in our business.

of

have

not

had

experience

the

it

technical

takes
an~

Thank you again, Tony,

to

be

please

don't give up on me.
I'm a

relative newcomer

to

this ·very exciting

industry.

I've said several times that one of my regrets is that I didn't
get

involved

in

the

dairy

industry sooner.

The

last

3-1/2

years have honestly been the most exciting of my entire life.
The future promises to be even more eventful and exciting.

If

only a small percentage of the things we have going right now
are fully developed,
~.

it will substantially change our .company,

our employees and the products we manufacture.
Wards Cheese,
Richfield, Idaho.
Lowell,
ery.

Inc.
He,

was

founded in 1957 by C. W. Ward in

along with his 3 sons,

Dallas and

made cheese in the early years for Nelson Ricks Cream-

In 1972,

shortly

they built a larger,

thereafter

over to the boys.

Mr.

Ward· retired

In 1973,

modern cheese plant,
and

now supplies

and

turned the business

they started selling stirred-curd

barrel cheddar cheese to Schreiber Foods,
Wards

Jay,

Schreibers

with

Inc.

here in Logan.

approximately

barrel cheese needs for the Logan operation.

70%

of

its

Wards was one of

the first dairy plants in the West to install a whey protein
fractioner.

•

reputation of

Since

its

installation

furnishing

a

in

1974,

high-quality whey

trate to customers throughout the United States.
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Wards has had a
protein

concen-

I

became

acquainted with

the Ward family in 19 65 when I

sold them their first International truck.
years,

my company, Magic Valley International,

new trucks.

In fact,

we converted their

over to International.

their successes

know then that

I

sold them many

entire

truck

fleet

During those years, I spent a good deal

of time at the plant with the family.
of

During the next 20

They shared with me some

and some of their failures.
would

later

be

asked

to

interest in and manage the company for · th·em.
was presented to me in February of 1985.

Little did I

take

a

financial

That opportunity

Although I was will-

ing then to make a complete change in my life, I didn't realize
what an exciting future was ahead.

41t

The long-term objective was, with the help of Frank,Thomas
of Thomas Technical Services,
Keller,

Whey Systems,

Inc.,

Nei 1svi lle,

Wisconsin,

Mantorville, Minnesota,

and Kent
to expand

the whey processing operation that was already in place at the
plant from 400,000 pounds of whey per day to 1,200,000 per day
and recover all the solids into several different dry or concentrated

products,

also

eliminating

the plant's

problems

of

disposing of whey permeate.
In the fall of 1987, we acquired another cheese manufacturing facility
today,

from

relatively close

•

Wards

whey solids per week.
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our Richfield plant,

and

the whey provided by our two operations and con-

centrated whey purchased
Magic Valley,

to

from

processes

another cheese facility

in the

approximately 550,000 pounds of

·A typical week would find us making whey protein concentrate from 19% to 45% protein,

concentrated whey,

tose with a

99.89% on a dry matter basis,

lactose purity of

various whey and whey protein concentrate blends
trated whey minerals.
whey,

delactosed

edible lac:-

and concen-

The plant also has the capability to dry

whey,

demineralized

whey

and

permeate.

have also made whey protein concentrate at 80% protein.
presently negotiating with 3

additional

We

We are

outside whey

sources

and could double our present production in the next couple of
years.
Last year,

we shipped

whey protein concentrate,

e.

in excess of

6 million pounds

either dried or concentrated,

customers from the West Coast to the East Coast.
year's

projections

are

for

7

million

pounds.

Shipments

Coun-

received our lactose include Korea, New Zealand,

Mexico and Japan.
tion.

of

and this

year we hope to ship approximately 6-l/2 million pounds.
having

8

Our current

lactose. last year totaled over 4-1/2 million pounds,

tries

to

of

Japan now takes our entire lactose produc-

This production is broke red through M. E.

Frank of St.

Davids, Pennsylvania.
Three customers

in

the

intermountain area receive weekly

tanker loads of whey protein concentrate, concentrated whey and
a combination of blends from our plant by one of the 15 diesel
highway tractors in our truck fleet.

-·

Delactosed
central

Idaho
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permeate
for

use

in

is

shipped

a cattle

daily
feed

to

a

customer

supplement.

in

We knew

~-------------------------------------------------------

that the milk minerals in delactosed permeate had a much higher
value

than needed for

working

with M. E.

Japanese

trading

cattle

Frank,

company,

develop
for

unique

large

product

a -specific

Tokyo

(we

tomer.

Several container loads of this product were shipped in

cus-

but because of the trade restrictions between Japan and

United

1987.

cheese")

a

a

it

the

whey

and Sumitomo Corp.,

we began

called

1987,

"natural

Inc.,
to

In early 1987,

feed.

States,

shipments

were

suspended

in

December

of

It appeared that all of our efforts and the efforts of

the- Sumi tomo people were going to be fruitless because of the
trade problems

between our government

-

and the Japanese

officials, but with help from Cecil Andrus,

trade

Governor of Idaho,

the Idaho Agriculture Department, the Idaho Commerce Department
and state and national legislators,
green

light

to

proceed

with

the

it now appears we have
project.

My

files

a

contain

·numerous lette_rs written by these officials to Washington and
Japan to help us clear the restrictions placed on our product
by the Japanese Minister of Finance.
ters written, in fact,

There were so.. many let-

that the Minister contacted the Sumitomo

people and asked us to lay off because they had

received the

message loud and clear.
In the new trade agreement between the United States and
Japan which was signed in July, whey cheese products will have
a quota of 4,000 metric tons this year, 6,000 tons in 1989 and
8,000 tons in 1990.
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We

are proud of

loosening

of

small part we played in this major

restrictions

During

Japan.

the

the

on

final

dairy

products

export

to

week of negotiations,

we talked by

u.s.

Department of

telephone several times with Ma;-ve Patten,
Agriculture,

for

and Kelly Olson of

the

Idaho Department of Com-

merce, while they had our trade negotiators on the other line
in Washington, D.C.

-

Our product now has a special classification and is called
"natural whey minerals,"

and as soon as our Japanese customer

can get' back into production,
product

to

it

in

our plant will be

refrigerated

It

containers.

shipping
might

be

the
in-

teresting for you to know that we have shipped the product to

41t.

Japan

dry,

concentrated

and

frozen,

gerated and packaged 'in 25 KG boxes
barrels

( 551 pounds) .

concentrated
(55 pounds)

and

refri-

or in 250 KG

The small shipping containers are 1, I 64

cubic feet and hold approximately 40,000 pounds, and the larger
ones slightly less than twice that amount.
Some of the products that have already been developed by
the

Japanese

several

company

soft drinks,

from

our

natural

whey minerals

called Sports drink in

Japan,

include
a

nutri-

"

tional milk candy, mineral water and a supplement for mineral
baths.

I have samples of some of these products with me

would be happy to
very interesting
back

to

their

drinking

softeners and take the
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It is

show them to you later in the day.

to me

that

the Japanese

water

miner~ls

since
out.

most

would
of

add
us

and

minerals

have

water

•

Although our product is somewhat proprietary, I don't mind
telling

you

that

it

is

basically deproteined

and delactosed

mother liquor that is very salty to the taste and quite stable
at room temperature concentrated above 70% solids.
This

~reject

brought

our

plant

in

contact

with

several

wonderful Japanese gentlemen who came to the plant on numerous
occasions during our development phase.
with a couple of
friends.

I

got well acquainted

these men and now count them among my best

We would spend

a

long day

at

the plant where they

would be quite, formal and strictly businesslike, but after our
work was done,

e.

they would accompany me to my home .in Kimberly,

Idaho, 55 miles from the plant, for dinner and friendly conversation.

They all loved my wife and never failed to bring fine ,

gifts to her from Japan.

She regularly wears a Kimono around

the house and serves Japanese wine given to her by these men.
I

relish these associations and look forward' to seeing my

friends again now that we have the go-ahead for the project.
These visits stirred my interest in Japan and her people,
and I have read
truly unique

as much as

race

could about

them.

They are

a

and have had great success in many things,

but interestingly enough,
with a crisis.

I

they seem to achieve more when faced

As an example -- at the time of the "world oil

crisis," Japan was in the worst position of all the developed
countries because of its dependence on foreign oi 1,

and there

were those who thought that Japan would not be able to survive
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!n fact,

such high prices, but the Japanese were able to cope.

Japan was one of the first of the advanced countries to regain
economic

stability.

people had the

Japan

resolve

benefited

from

the

fact

that

its

to deal with .the problem quickly and

effectively.
Compare
buildings

this

action with the state of

in the Tokyo business districts.

the

large

office

0\ttside they look

grand and splendid, but inside they are very cramped ·and poorly
laid out.
In

Working conditions inside are said to be terrible.

summer,

air

conditioning

is

turned

off

at

working overtime then take off their jackets.

6 p.m.

Those

By 7 p.m.,

the

heat has increased to a point that the workers take off their
shirts

(by

7:30p.m.,
trousers.

this
the

time,
heat

all

is

so

female

workers

unbearable

are

they

gone)

take

and

off

by

their
-

The main difference between these

two

examples

is

that in the former, the country was faced with a crisis, and in
the latter, they were not.
Among

the

advanced countries,

Japan

is

the

only one

in

which there is a tradition of suppressing personal wishes for
the interest of the group or nation.
of

the

individuals sacrifice

That is why the majority

themselves

for

the group.

person occupies a place subordinate to the one above him,

Each
and

the Japanese accept and fulfill the requirements of their particular place.

•

world,

Japan has one of the highest wage rates in the

and one of the lowest rates of unemployment.
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Seventy-

seven percent of the Japanese live in cities, but only a third
of these communities have municipal sew.ers.
pains!

Talk about growing
t~ice

Those of us that live in the country don't think

about. our need for septic tank and drain field, but what w6uld
IOU

do if you lived in the city and didn't have a sewer system7
Ninety-nine percent of all Japanese households have, color

television.

Ninety-eight

vacuum cleaner.

percent

have

a

refrigera~or

and

automobile.

The

Sixty-nine percent own an

average worker has a savings account of over 1-1/2 times his
annual salary.
' ·~-

The average annual take home pay in

was

1986

4, 590,000

yen, the equivalent of $38,000 U.S., using a 120 yen per dollar
exchange rate.

I

believe the rate is less now.

family has savings of over $68, 000.

The. average

How many of us in this

room have savings in excess of 1-172 times our annual income?
It might be interesting to you also that a very

hig~-per

centage of these savings by the Japanese people are used for'
overseas

investments.
in Hawaii,

condominiu~

Japanese.

They· have

For example,

we

and many of

our

also

recently purchased

purchased most

neighbors
of

there

the big

a

are

resort

hotels and golf courses in Hawaii, and there are those who say
that

in a

few years,

the state of Hawaii will be bilingual

because of the tremendous number of Japanese who live and vacation there.

•

One of my friends from Tokyo told me the reason

I

see so

many Japanese playing golf in Hawaii is because it is so expensive and difficult to play in Tokyo.
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In order to play golf on

the municipal courses there, one must arrive very early in the
morning, wait as long as two hours to get onto the course, then
wait

another

2-3

hours

before playing the back nine.

A long

day to get in 18 holes, and the cost -- between $250 and $300
for golf and lunch.
I'm told it's cheaper for them to fly to Hawaii,

rent

a

room and play three rounds of golf and fly home than it would
be to stay home and play 3 rounds.
that

he

has .a

small

home

This same friend told me

in Tokyo.

He wouldn't tell me how

small, but he said very, very small, and it cost him $500,000.
He takes the train after work to his home, and if he works late
and misses the train, the taxi fare is over $90.

~

Another

interesting

difference

between

that since most of the people who work in
train

to

work,

the department

stores

and

our

societies

is

the city take

the

grocery stores

are

conveniently located near the terminals so that

the

commuters

can do their shopping while they are commuting.

In fact, many

of the department store chains own their own railroads.
Japan

has

also

taken

the

American-owned

7-11

and Lawson

The

our

Japanese

last

time

convenience
stores

friends

are

store

readily

visited

our

approach.
available.

plant,

they

brought things in a Tokyo 7-11 shopping bag.
The

Japanese

have a great sense of individuality.

most do not want to stand out in a crowd,

they are not afraid

to view themselves as different in their wants and needs.

...
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While

That

. d

t.,.Y

Y·•hY the too d 1.n us ..

~n

Ja-nan iS so dynamiC.

...

1:'

iS one -reason ....

food·

·~e
Chinese food,

and

thought she could do that·

""

~ill

old
househ
income
on toed• 40% of
A Japanese

e.

spend

~aich ~ill

ap_p<os~atelY 15% of taei<

be to<
fiSh and
A little
eve<vegetableS•
7% of ~e

and onlY 11% on meat. mostlY chicKen·

~s

vetY aealth
and. nut<ition conscioUS·
g<oce<Y della< buYS .,.ace
milK p<oducts
and eggs

da

The Japanese ..

'!heY consume

te~

intalte·

~ ~•oducts
.,.Y

••

Cu

...

and t<Y to limit taei< salt

<

.,.~ng of f~Sh and otbe< toadS in thei< diet•and

~n

a aigh
use of salt in the
•• death• <ate due to aea<t
.
tact' taan Ame<icans. '!hiS iS one of

t~

~ypettension,
,easons

~e

p<O~ct ~e ma~ ~o< th~

h'lghet,
...
thinK taat
the special
. se milK mine<alS a<e higbeE in

becau
aas such a g<eat potential.
potassium taan sodium·

•

I

know that some in the audience are wondering why I have

spent so much time on Japan.

I thought it appropriate because

Japan is the largest commercial buyer of U.S. dairy products ,
and most of these products are whey and lactose.

During 1987,

theY purchased over 10 million pounds of whey powder from the
United States, which represents over 25% of all the wheY sales
exported by the United States.

Japan purchased over 30% of its

whey powder from the United States.
United States exports of whey were up

22% from 1986 to

1987, but even in a year that is favorable to exports,

total

quantities shipped from the United States are not·very significant.

As an example -- the

of wheY last year
4%).

a~

u.s.

produced over l billion pounds

exported onlY 40 million pounds {or onlY

Comparatively, we produced 5.3 billion pounds of cheese,

yet onlY shipped 36 million pounds abroad (less than l%).
put it into perspective, our shipments of cheese
2% of

the world • s

cheese needs.

repre~ent

To
only

Yet, America is the woi:ld • s

largest exporter of agricultural products.
Our wheY processing operation has been very exciting and

rewarding

both

educationallY

and

prove to be for many years to come.
moment in our business,

and I

financiallY

and

shoUld

There is ne•1er

a dull

literallY can't wait to get to

I •m excited about what we have done, and
the plant each day.
I'm even more excited about what we have left to do.

Compared

•

to

cheesemaking,

probably will continue to be,
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where margins
very tight ,

have

been,

and

some whey products

sales allow us margins of 25% net on revenue and higher.
products sales

represent only 11% ·of our

total

Whey

revenue,

yet

they contribute well over 60% of our net operating profit.

~All

this is not accomplished, however, without a great commitment.
A commitment of energies,
ment

of

patience

resources.

and,

a commitment of learning,
lastly,

a

commitment

a commit-

of

financial

If you have an investment in your cheese factory of

$2 million,

it is my guess

additional $3

that you would have to ·spend- an
"

to $4 million to have· complete whey .processing

facilities which would allow you to produce the whey prooucts
that we are presently handling.

There is also a never-ending

need for further capital as equipment wears out hr new processing equipment is developed.
The small success that Wards Chees.e has experienced· in the
exportation of whey products could be cre(li ted .to ·our commitment to

finding

a profitable

outlet

for

a

solids which were expensive to dispose of.

fraction

of

whey

Regarding ·delac-

to sed permeate,

its development was a result of a willingness

on our part to

listen to what consumers wanted,

duce a product that met their specifications.

and to pro-

This ability to

find our own "market niche" with this Value-added whey mineral
product has

allowed us

products

the

in

to

find

a home for one of our dairy

world export market

in competition with the

"big boys."

•

I was very surprised when Mr. Koizumi, the general manager
. of Kyqdo Milk Industries,
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told me how pleased he was

to have

found our plant.

He had looked for 3 years all over the world

to find a plant like ours,

one that had the plant capability

and management desire to provide this pr-oduct.
For
product

the .Japanese

importers,

itself they are

lengths

to

manufacturi"ng

is

interested in,

involved in producing the product.
great

it

dften

not

many

times

This is why they will go to

and

I

the

but the personalities

investigate a possible source I

plant

just

get

to

to visit the

know

the

people

involved.
I know for. a fact that the most important time spent with
Japanese ci:ients is during leisure hours over cocktails and the
dinner table.
Maybe there is a foreign importer looking for the special
capabilities

which

stopped saying
time we stopped

it's

your

plant

has.

I

believe

it's

time we

too complicated and can't be done.

limiting

our

marketing

horizons

and

It's

started

looking to· expand those horizons to include export markets.
Thank you for your attention,
answer any questions you may have .

•
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and I will be happy now to

